Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Description 
The M16C/62 (80-pin version) group of single-chip microcomputers are built using the high-performance 
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 80-pin plastic molded 
QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high level of 
instruction efficiency. With 1M bytes of address space, they are capable of executing instructions at high 
speed. They also feature a built-in multiplier and DMAC, making them ideal for controlling office, communi- 
cations, industrial equipment, and other high-speed processing applications. 
The M16C/62 (80-pin version) group includes a wide range of products with different internal memory types 
and sizes and various package types. 
Features 
* Memory Capacity 0.0... eeeeeeeeeeneees ROM (See Figure 1.1.4. ROM Expansion) 
RAM 3K to 20K bytes 
* Shortest instruction execution time ...... 62.5ns (f(XIN)=16MHz, Vcc=5V) 
100ns (f(XIN)=10MHz, Vec=3V, with software one-wait) : Mask ROM, flash memory 5V version 
142.9ns (f(XIN)=7MH7z, Vcc=8V, with software one-wait) : One-time PROM version 


* Supply Voltage ..........c:cceeseeeeeeeeeeseeeeeees 4.2 to 5.5V (f(XIN}=16MHZ, without software wait) : Mask ROM, flash memory 5V version 
4.5 to 5.5V (f(XIN)=16MHZ, without software wait) : One-time PROM version 
2.7 to 5.5V (f(XIN)=10MHZ with software one-wait) : Mask ROM, flash memory 5V version 
2.7 to 5.5V (f(XIN)=7MHZ with software one-wait) : One-time PROM version 
¢ Low power consumption... 25.5mW ( f(XIN)=10MHZ, with software one-wait, VCC = 3V) 
© [tO rrUpt 2.2.2.0... ceeceeeeeeeeeeeeeeeneeeeeeeeeeenees 25 internal and 5 external interrupt sources, 4 software 
interrupt sources; 7 levels (including key input interrupt) 
¢ Multifunction 16-bit timer... 5 output timers + 6 input timers (3 for timer function only) 
s-96rlal, VO taucSaktawaiciiidaniie 5 channels (2 for UART or clock synchronous, 1 for UART, 2 for clock synchronous) 
@IDMAG wrietcalicreh tertaeieh oer ctheseebbean el ibed 2 channels (trigger: 24 sources) 
© A-D CONVESTED ee eeeteeeeeeeenteeeeeeenaaes 10 bits X 8 channels (Expandable up to 10 channels) 
© D-A CONVESTED «0... eee ceeeeeeeeeenteeeeeeenaaes 8 bits X 2 channels 
* CRC calculation Circuit..........0.cee 1 circuit 
¢ Watchdog timer ....... eee eeeeeeeteeeeeenees 1 line 
* Programmable W/O ..........::cceeeeeeeeeeeeees 70 lines 
* INPUT POM... :eneceedehsnesteded sanetedespieteeeetnease 1 line (P85 shared with NMI pin) 
* Clock generating Circuit ........0..ee 2 built-in clock generation circuits 


(built-in feedback resistor, and external ceramic or quartz oscillator) 
Note: Memory expansion mode and microprocessor mode are not supported. 


Applications 
Audio, cameras, office equipment, communications equipment, portable equipment 


About the M16C/62 (80-pin version) group..... 7 TIMOR ssrvsesh aii raed einen debates ee eee 68 
Central Processing Unit (CPU) ..... 11 Serial VO wage. date ae aD 86 
R6SOtinithi adele andl oecdni tiie 14 A-D COnve rte o.......eeeeeeeceeeeeeeeeeeeeteeeeeeeeeees 126 
Processor MOde .........:::cceceecceeeeeeeeeeeeeeeeeeeeees 21 D-A COnve rte ........ceeeeeeeeeeeeeeteeteeeeeeesteeeeeeees 136 
Clock Generating Circuit ..........::cceeeeeeeeees 26 CRC Calculation Circuit 20.0... eeeeeeeees 138 
Protectloniivs. sie ieee ati ee eds 35 Programmable I/O Ports .......::::cccceceeeeeees 140 
INLEPUPTS! s:satieketaceyecates ced Geet pwectaie licence theses 36 Electric CharacteristicS ........cccccccccccceccceeeceee 154 
Watchdog Timet.............. eee eee eeeeeeeeees 56 Flash Memory VerSsiONn .........ccccesccceeseeseeeee 192 
PMAG ‘ses Satin tee eel ioe, 58 
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Description 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Pin Configuration 


Figures 1.1.1 show the pin configurations (top view). 


PIN CONFIGURATION (top view) 
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Figure 1.1.1. Pin configuration (top view) 
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Package: 80P6S-A 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


ioti INGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Description SINGLE-CHIP 16-BIT CMOS 


Block Diagram 
Figure 1.1.2 is a block diagram of the M16C/62 (80-pin version) group. 


Block diagram of the M16C/62 (80-pin version) group 


I/O ports +— [ Port P2 | [ Port P3 | [ Port P4 | 


HOd 


Internal peripheral functions 


A-D converter System clock generator 


(10 bits x 8 channels XIN-XOUT 
Expandable up to 10 channels) XCIN-XCOUT 


vod |[ zd 


UART/clock synchronous SI/O Clock synchronous SI/O 
(8 bits x 3 channels)(Note 3) (8 bits x 2 channels) 


Z 


16 bits 
16 bits CRC arithmetic circuit (CCITT ) 
(Polynomial : X16+X124X5+1) 


|L_a 


A 


M16C/60 series16-bit CPU core 


| S8d HOd 


Registers Program counter 


Watchdog timer LPC 
(15 bits) Vector table 
INTB 


DMAC -—_ i] Stack pointer 
é-ehanne!s) 


D-A converter ee ; Multiplier 
(8 bits X 2 channels) Flag register 


FLG | 


HOd 
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[Old WOd 


Note 1: ROM size depends on MCU type. 
Note 2: RAM size depends on MCU type. 
Note 3: One of three channels is used for UART and IIC mode only. 


Figure 1.1.2. Block diagram of M16C/62 (80-pin version) group 
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Description 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Performance Outline 


Table 1.1.1 is a performance outline of M16C/62 (80-pin version) group. 


Table 1.1.1. Performance outline of M16C/62 (80-pin version) group 


Item 
Number of basic instructions 


Performance 
91 instructions 


Shortest instruction execution time 


62.5ns(f(XIN)=16MHZz, Vcc=5V) 

100ns (f(XIN)=10MHZ, Vcc=3V, with software one-wait) 
: Mask ROM, flash memory 5V version 

142.9ns (f(XIN)=7MHZz, Vcc=3V, with software one-wait) 
: One-time PROM version 


Memory ROM (See the figure 1.1.38. ROM Expansion) 
capacity RAM 3K to 20K bytes 

I/O port PO to P10 (except P85) 8 bits x 10, 7 bits x 1 

Input port P85 1 bit x 1 


Multifunction | TAO, TA3, TA4 


16 bits x 3 (timer mode, internal/external event count, 


timer one-shot timer mode and pulse width measurement mode) 
TBO, TB2, TB3, TB4, TB5 16 bits x 5 (timer mode, internal/external event count 
and pulse period/pulse width measurement mode) 
TA1, TA2 16 bits x 2 (timer mode, internal event count and 
a trigger through one-shot timer mode occurs.) 
TB1 16 bits x 1 (timer mode and internal event count) 
Serial I/O UARTO, UART1, UART2 (UART or clock synchronous) x 2, UART x 1(UART2) 
$1/03, SI/O4 (Clock synchronous) x 2 (SI/O3 is output only) 
A-D converter 10 bits x (8 + 2) channels 
D-A converter 8 bits x 2 
DMAC 2 channels (trigger: 24 sources) 
CRC calculation circuit CRC-CCITT 


Watchdog timer 


15 bits x 1 (with prescaler) 


Interrupt 


25 internal and 5 external sources, 4 software sources, 7 levels 


Clock generating circuit 


2 built-in clock generation circuits 
(built-in feedback resistor, and external ceramic or quartz oscillator) 


Supply voltage 


4.2 to 5.5V (f(XIN)=16MHz, without software wait) 
: Mask ROM, flash memory 5V version 

4.5 to 5.5V (f(XIN)=16MHzZ, without software wait) 
: One-time PROM version 

2.7 to 5.5V (f(XIN)=10MHz with software one-wait) 
: Mask ROM, flash memory 5V version 

2.7 to 5.5V (f(XIN)=7MHZz with software one-wait) 

: One-time PROM version 


Power consumption 


25.5mW (f(XIN) = 10MHz, Vcc=3V with software one-wait) 


/O I/O withstand voltage 


5V 


characteristics Output current 


5mA 


Device configuration 


CMOS high performance silicon gate 


Package 


100-pin plastic mold QFP 


Note : M16C/62 (80-pin version) group does not support memory expansion or microprocessor mode. 
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Description 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Mitsubishi plans to release the following products in the M16C/62 (80-pin version) group: 
(1) Support for mask ROM version, one-time PROM version and flash memory version 


(2) ROM capacity 
(3) Package 


80P6S-A _ : Plastic molded QFP (mask ROM, one-time PROM, and flash memory versions) 


' M30625FGGP 
| M30625FGLGP 


M30621MC- XXXGP | 
M30621MA- XXXGP | 


M30623MA-XXXGP 


Mask (Mask ROM version) version (Coelins FROM vesIon time PROM version (Flash memory version) memory version); (External (External ROM version) version 


Figure 1.1.3. ROM expansion 


The M16C/62 (80-pin version) group products currently supported are listed in Table 1.1.2. 


Table 1.1.2. M16C/62 (80-pin version) group 


M30623M4-XXXGP 


ROM capacity 
32 Kbytes 


RAM capacit 
3 Kbytes 


Package type 


M30623M8-XXXGP 


64 Kbytes 


4 Kbytes 


M30623MA-XXXGP 


96 Kbytes 


5 Kbytes 


M30623MC-XXXGP 


128 Kbytes 


5 Kbytes 


M30621M8-XXXGP 


64 Kbytes 


10 Kbytes 


M30621MA-XXXGP 


96 Kbytes 


10 Kbytes 


M30621MC-XXXGP 


128 Kbytes 


10 Kbytes 


M30625MG-XXXGP 


256 Kbytes 


20 Kbytes 


As of December 1999 
Remarks 


mask ROM version 


M30621ECGP 


128 Kbytes 


10 Kbytes 


One-time PROM version 


M30625FGGP 


256 Kbytes 


20 Kbytes 


Flash memory 5V version 


M30625FGLGP 


256 Kbytes 


20 Kbytes 


Flash memory 3V version 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


sas INGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Description ne 


Type No. M30623 M 8—-— XXX FP 


Package type: 
GP :Package 80P6S-A 


ROM No. 
Omitted for blank one-time PROM version, 
EPROM version and flash memory version 


ROM capacity: 

: 32K bytes 
8: 64K bytes 
A: 96K bytes 
C : 128K bytes 
G: 256K bytes 


Memory type: 
M : Mask ROM version 
E : EPROM or one-time PROM version 
S : External ROM version 
F : Flash memory version 


Shows RAM capacity, pin count, etc 
(The value itself has no specific meaning) 


M16C/62 Group 


M16C Family 


Figure 1.1.4. Type No., memory size, and package 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


About the M16C/62 (80-pin version) group 
The M16C/62 (80-pin version) group is packaged in a 80-pin plastic mold package. The number of pins in 
comparison with the 100-pin package products is decreased. So be careful about the following. 


(a) The M16C/62 (80-pin version) group supports single chip mode alone. It supports neither memory 
expansion mode nor microprocessor mode. 


(b) The input/output ports given below are absent from the M16C/62 (80-pin version) group. To stabi- 
lize the internal state, set to output mode the direction register of each input/output port. Failing in 
setting to output mode involves an increase in current consumption. 


<Pins absent from the 80-pin version> 
P10 to P17, P44 to P47, P72 to P75, P91 


(c) INT3 to INT5 allocated to P15 to P17 cannot be used. Keep the INT3 interrupt control register 
disabled for interrupts. The INT4 interrupt control register and the INT5 interrupt control register 
are shared with SI/O3 and SI/O4. When the user don’t use them as SI/O3 and SI/4, set them 
disabled for interrupts. 


(d) The output pins of timers A1 and A2 - TA1IN, TA10UT, TA2IN and TA20UT - allocated to P72 to P75 
cannot be used. In connection with this, the gate function and pulse outputting function of timers A1 
and A2 cannot be used. Use timer mode and internal event count, or use as trigger signal genera- 
tion in one-shot timer mode. 


(e) The UART2 input/output pins - CLK2 and CTS/RTS - allocated to P72 and P73 cannot be used. In 
connection with this, UART2 solely as UART of the internal clock can be used. 


(f) The input pin TB1IN of timer B1 allocated to P91 cannot be used. With timer B1 under this state, use 
only timer mode or the internal event count. 


(g) The input pin SIN3 of serial 1/03 allocated to P91 cannot be used. In connection with this, use serial 
1/03 as a serial I/O exclusive to transmission. 


(h) The output pins for three-phase motor control allocated to P72 to P75 cannot be used. So set to 0 
(ordinary mode) the mode select bit (bit 2) of three-phase PWM control register 0. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


. eae SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Pin Description 


Pin Description 


Pin name 


Signal name 


Power supply 
input 


Function 


Supply 2.7 to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin. 


CNVss 


This pin switches between processor modes. Connect it to the 
Vss pin. 


Reset input 


A“L” on this input resets the microcomputer. 


Clock input 
Clock output 


These pins are provided for the main clock generating circuit.Connect 
a ceramic resonator or crystal between the XIN and the XOUT pins. To 
use an externally derived clock, input it to the XIN pin and leave the 
XOUT pin open. 


(BYTE) 


External data 
bus width 
select input 


This pin is connected to CNVss in microcomputer. Connect this pin to 
Vss. 


AVcc 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect this 
pin to Vcc. 


AVSS 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect this 
pin to VSss. 


VREF 


Reference 
voltage input 


This pin is a reference voltage input for the A-D converter. 


POo to P07 


I/O port PO 


This is an 8-bit CMOS I/O port. It has an input/output port direction 
register that allows the user to set each pin for input or output 
individually. When set for input, the user can specify in units of four 
bits via software whether or not they are tied to a pull-up resistor. 


P20 to P27 


I/O port P2 


This is an 8-bit I/O port equivalent to PO. 


P30 to P37 


I/O port P3 


This is an 8-bit I/O port equivalent to PO. 


P40 to P43 


I/O port P4 


This is an 4-bit I/O port equivalent to PO. 


P50 to P57 


I/O port P5 


This is an 8-bit I/O port equivalent to PO. In single-chip mode, P57 in 
this port outputs a divide-by-8 or divide-by-32 clock of XIN or a clock of 
the same frequency as XCIN as selected by software. 


P60 to P67 


I/O port P6 


This is an 8-bit I/O port equivalent to PO. Pins in this port also function 
as UARTO and UART1 I/O pins as selected by software. 


P70, P71, 
P76, P77 


I/O port P7 


This is an 4-bit I/O port equivalent to PO (P70 and P71 are N channel 
open-drain output). Pins in this port also function as timer Ao-A3, 
timer B5 or UART2 I/O pins as selected by software. 


P80 to P84, 


P86,P87, 


P85 


I/O port P8 


I/O port P85 


P80 to P84, P86, and P87 are I/O ports with the same functions as PO. 
Using software, they can be made to function as the I/O pins for timer 
A4 and the input pins for external interrupts. 

P86 and P87 can be set using software to function as the I/O pins for a 
sub clock generation circuit. In this case, connect a quartz oscillator 
between P86 (XCOUT pin) and P87 (XCIN pin). 

P85 is an input-only port that also functions for NMI. The NMI interrupt 
is generated when the input at this pin changes from “H” to “L”. The 
NMI function cannot be cancelled using software. The pull-up cannot be 
set for this pin. 
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i er SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Pin Description 


Pin Description 


Pin name Signal name Function 


P90, I/O port P9 This is an 7-bit I/O port equivalent to PO. Pins in this port also function 
P92 to P97 as SI/O3, 4 I/O pins, Timer BO—B4 input pins, D-A converter output 
pins, A-D converter extended input pins, or A-D trigger input pins as 
selected by software. 


P100 to P107 | I/O port P10 This is an 8-bit I/O port equivalent to PO. Pins in this port also function 
as A-D converter input pins. Furthermore, P104—P107 also function as 
input pins for the key input interrupt function. 


Note: Memory expansion mode and microprocessor mode are not be supported. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Operation of Functional Blocks 
The M16C/62(80-pin version) group accommodates certain units in a single chip. These units include ROM 
and RAM to store instructions and data and the central processing unit (CPU) to execute arithmetic/logic 
operations. Also included are peripheral units such as timers, serial I/O, D-A converter, DMAC, CRC calcu- 
lation circuit, A-D converter, and I/O ports. 
The following explains each unit. 


Memory 
Figure 1.4.1 is a memory map of the M16C/62 group. The address space extends the 1M bytes from 
address 0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30623MC-XXXFP, there 
is 128K bytes of internal ROM from E000016 to FFFFF16. The vector table for fixed interrupts such as the 
reset and NMI are mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is stored 
here. The address of the vector table for timer interrupts, etc., can be set as desired using the internal 
register (INTB). See the section on interrupts for details. 
From 0040016 up is RAM. For example, in the M30623MC-XXXFP, 5K bytes of internal RAM is mapped to 
the space from 0040016 to 017FF16. In addition to storing data, the RAM also stores the stack used when 
calling subroutines and when interrupts are generated. 
The SFR area is mapped to 0000016 to OO3FFi6. This area accommodates the control registers for periph- 
eral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. Figures 1.7.1 to 1.7.3 are location 
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be 
used for other purposes. 
The special page vector table is mapped to FFE0016 to FFFDB1é. If the starting addresses of subroutines 
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions 
can be used as 2-byte instructions, reducing the number of program steps. 


0000016 
SFR area 


For details, see Figures 
1.7.1 to 1.7.3 


FFE0016 


0040016 


Internal RAM area 


XXXXX16 Special page 
———_ vector table 


Address Address ; 
XXXXX16 YYYYY16 Reserved FFFDC16 Undefined instruction 
M30623M4 OOFFF16 F800016 area : Gveitlow 
30623M8 013FF16 F000016 
30623MA 017FF16 E800016 Address match 
30623MC 017FF16 E000016 Single step 
30621M8 O2BFF16 Fo00016 YYYYY16 Watchdog timer 
30621MC/EC O2BFF16 E000016 i 
30621MA O2BFF1e_ | E800016 intetial ROM Ara 


30625MG/FG 053FF16 Co00016 FFFFF16 FFFFF16 


Type No. 


Note: Set PM13 to “1” in M30625MG/FG. Otherwise set PM13 to “O”. 


Figure 1.4.1. Memory map 
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CPU 


Central Processing Unit (CPU) 
The CPU has a total of 13 registers shown in Figure 1.5.1. Seven of these registers (RO, R1, R2, R3, AO, 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


A1, and FB) come in two sets; therefore, these have two register banks. 


b15 


b15 bo 


b15 bO 


Data 
registers 


Address 
registers 


Frame base 
registers 


Note: These registers consist of two register banks. 


Figure 1.5.1. Central processing unit register 


b0 


b19 


bo 


b15 b0 


b15 bo 


b15 bo 


(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3) 


(2) Address registers (AO and A1) 


Program counter 


Interrupt table 
register 


User stack pointer 


Interrupt stack 
pointer 


Static base 
register 


Flag register 


Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and 
arithmetic/logic operations. 
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H), 
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can 
use as 32-bit data registers (R2RO/R3R1). 


Address registers (AO and A1) are configured with 16 bits, and have functions equivalent to those of data 
registers. These registers can also be used for address register indirect addressing and address register 
relative addressing. 
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1A0). 


a 
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M16C / 62 Group (80-pin) 
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


(3) Frame base register (FB) 
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing. 
(4) Program counter (PC) 


Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed. 
(5) Interrupt table register (INTB) 


Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector 
table. 
(6) Stack pointer (USP/ISP) 
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config- 
ured with 16 bits. 
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag). 
This flag is located at the position of bit 7 in the flag register (FLG). 
(7) Static base register (SB) 
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing. 
(8) Flag register (FLG) 
Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.5.2 shows the flag 
register (FLG). The following explains the function of each flag: 
¢ Bit 0: Carry flag (C flag) 
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit. 
¢ Bit 1: Debug flag (D flag) 
This flag enables a single-step interrupt. 
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is 
cleared to “O” when the interrupt is acknowledged. 
¢ Bit 2: Zero flag (Z flag) 
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “0”. 
¢ Bit 3: Sign flag (S flag) 
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “O”. 
- Bit 4: Register bank select flag (B flag) 
This flag chooses a register bank. Register bank 0 is selected when this flag is “O” ; register bank 1 is 
selected when this flag is “1”. 
¢ Bit 5: Overflow flag (O flag) 
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”. 
- Bit 6: Interrupt enable flag (I flag) 
This flag enables a maskable interrupt. 
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to 
“0” when the interrupt is acknowledged. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
CPU 


¢ Bit 7: Stack pointer select flag (U flag) 
Interrupt stack pointer (ISP) is selected when this flag is “O” ; user stack pointer (USP) is selected 
when this flag is “1”. 
This flag is cleared to “O” when a hardware interrupt is acknowledged or an INT instruction of software 
interrupt Nos. 0 to 31 is executed. 

- Bits 8 to 11: Reserved area 

¢ Bits 12 to 14: Processor interrupt priority level (IPL) 
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight 
processor interrupt priority levels from level 0 to level 7. 
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt 
is enabled. 

- Bit 15: Reserved area 


The C, Z, S, and O flags are changed when instructions are executed. See the software manual for 
details. 


b15 b0 
CTP EPSRC] rag resister rte 
Carry flag 
Debug flag 
Zero flag 
Sign flag 


Register bank select flag 


Overflow flag 


Interrupt enable flag 

Stack pointer select flag 
Reserved area 

Processor interrupt priority level 


Reserved area 


Figure 1.5.2. Flag register (FLG) 
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M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Reset 


Reset 
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset. 
(See “Software Reset” for details of software resets.) This section explains on hardware resets. 
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the 
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H” 
level while main clock is stable, the reset status is cancelled and program execution resumes from the 
address in the reset vector table. 
Figure 1.6.1 shows the example reset circuit. Figure 1.6.2 shows the reset sequence. 


Example when Vcc = 5V. 


Figure 1.6.1. Example reset circuit 


More than 20 cycles are needed 


Single chip 
mode 


RESET 
BCLK 24cycles 
fgg Soe 


§$ 


FFFFCi6 Content of reset vector 


Address 


Figure 1.6.2. Reset sequence 
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M16C / 62 Group (80-pin) 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Reset 


Table 1.6.1 shows the statuses of the other pins while the RESET pin level is “L”. Figures 1.6.3 and 1.6.4 
show the internal status of the microcomputer immediately after the reset is cancelled. 


Table 1.6.1. Pin status when RESET pin level is “L” 


Status 


Pin name 
CNVss = Vss 


PO, P2, P3, P40 to P43, P5, P6, 
P70, P71, P76, P77, P80 to P84, Input port (floating) 


P86, P87, P90, P92 to P97, P10 
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M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Reset 


Processor mode register 0 (Note1) (000416):-- (29) UART1 transmit interrupt control register — (005316): 


Processor mode register 1 (000516):-- (30) UART1 receive interrupt control register (005416):-- 


System clock control register 0 (000616): (31) Timer AO interrup rol register (005516): 


System clock control register 1 (000716)--- (32) Timer A1 interrup' rol register (005616): 


(33) Timer A2 interrup rol register (005716)--- 


Address match interrupt enable (000916):-- (34) Timer A3 interrup rol register (005816):-- 
register 


Protect register (000A16)--- (35) Timer A4 interrup rol regis’ (005916):-- 


Data bank register (000B16)--- (36) Timer BO interrup rol regist (OO5A16):-- 


Watchdog timer control register (000F 16)--- 2| 21 2/2] 2 (37) Timer B1 interrup rol regis (005B16)--- 


(10)Address match interrupt register  (001016)--- (38) Timer B2 interrup rol regis (005C16):-- 


(001 116)--- (39) INTO interrupt control register (005D16)--- 


(001216)--- (40) INT1 interrupt control register (005E16)--- 


(11)Address match interrupt register 1 416)--- (41) INT2 interrupt control register (005F16)--- 


516)- (42) Timer B3,4,5 count start flag (034016):-- 


(001616):-- (43) Three-phase PWM control register 0 (034816):-- 


(12)DMAO control register (002Ci6)--- ? (44) Three-phase PWM control register 1 (034916):-- 


(13)DMA1 control register (003C16)--- ? (45) Three-phase output buffer register 0 (034A16)--- 


(14) INT3 interrupt control register (004416)--- ? (46) Three-phase output buffer register 1 (034B16)--- 


(15) Timer B5 interrupt control register (004516)--- 2 (47) Timer B3 mode register (035B16)--- 


(16)Timer B4 interrupt control register — (004616)--- ? (48) Timer B4 mode register (035C16)--- 


(17) Timer B3 interrupt control register (004716)--- 7 (49) Timer BS mode register (035D16)--- 


(18) SI/O4 interrupt control register (004816)--- 7 (50) Interrupt cause select register (035F 16)--- 


(19)SI/O3 interrupt control register (004916):-- ? (51) SI/O3 control register (036216):-- 


( 0) Bus collision detection interrupt 
control register 


(21) DMAO interrupt control register (004B16)--- 2 (53) UART2 special mode register 2 (Note2) (037616):--- 


(004Ai6):-- ; (52) SI/O4 control register (036616):-+ 


(22) DMA‘ interrupt control register (004C16)--- ? (54) UART2 special mode register (037716)-- 


(23) Key input interrupt control register (004D16)--- 2 (85) UART? transmit/receive mode register (037816)--- 


(24) eae interrupt control (004E16)--- ? (56) UART2 transmit/receive control register 0 (037C16)--- 


(25) UART2 transmit interrupt control (004F 16)--- ? (57) UART2 transmit/receive control register 1. (037D1e)--- 
register 

(26) UART2 receive interrupt control (005016):-- 
register 

(27) UARTO transmit interrupt control (0051 16)--- 
register 

(28) UARTO receive interrupt control (005216)--- 
register 


x : Nothing is mapped to this bit 
2? : Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set. 


Note1: When the VCc level is applied to the CNVSss pin, it is 0316 at a reset. 
Note2: This register is not exist in M30623EC. 


Figure 1.6.3. Device's internal status after a reset is cleared 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Reset 


(58) Count start flag (038016)--- (84) A-D control register 1 (03D716):-- 


(59) Clock prescaler reset flag (038116)---| 0 | (85) D-A control register (03DCi16)--- 


(60) One-shot start flag (038216)--- (86) Port PO direction register (03E216)--- 


(61) Trigger select flag (038316)--- (87) P1 direction register (03E316)--: 


(62) Up-down flag (038416)--- (88) P2 direction register (03E616)--- 


(63) Timer AO mode register (039616)--- (89) P3 direction register (03E716)--- 


(64) Timer A1 mode register (039716)--: (90) P4 direction register (O3EA16)--: 


(65) Timer A2 mode register (039816)--- (91) P5 direction register (O3EB16)--- 


(66) Timer A3 mode register (039916)--- (92) P6 direction register (O3EE16)--- 


(67) Timer A4 mode register (039Ai16)--- (93) P7 direction register (O3EF 16):--- 


(68) Timer BO mode register (039B16)-:- ? (94) P8 direction register (03F216):-- 


(69) Timer B1 mode register (039C16)--- ? (95) P9 direction register (03F316)--- 0016 


(70) Timer B2 mode register (039D16)--- ? (96) P10 direction register (03F616):-- 0016 


(71) UARTO transmit/receive mode register (03A016)--- (97) Pull-up control register 0 (03FCie6)--- 0016 


(72) UARTO transmit/receive control register 0 (03A416)--- (98) Pull-up control register 1(Note1) (03FD16)--- 0016 


(73) UARTO transmit/receive control register 1 (03A516)--- (99) Pull-up control register 2 (O3FE16)--- 0016 


(74) UART1 transmit/receive mode register (03A816)-:- (100) Port control register (03FFie)--- 0016 


(75) UART1 transmit/receive control register 0 (03AC16)--- (101) Data registers (RO/R1/R2/R3) 000016 


(76) UART1 transmit/receive control register 1 (O3AD16)--- (102) Address registers (A0/A1) 000016 


(77) UART transmit/receive control register 2 (03B016)--- (103) Frame base register (FB) 000016 


(78) Flash memory control register 1 (Note2) (03B616)---|? |? |?} ? ?| 2} 2 (104) Interrupt table register (INTB) 0000016 


(79) Flash memory control register 0 (Note2) (03B716)-:- (105) User stack pointer (USP) 000016 


(80) DMAO cause select register (03B816)--- (106) Interrupt stack pointer (ISP) 000016 


(81) DMA1 cause select register (03BAt6)--- (107) Static base register (SB) 000016 


(82) A-D control register 2 (03D416):-- 0 (108) Flag register (FLG) 000016 


(83) A-D control register 0 (03D616)--- ?|2|? 


: Nothing is mapped to this bit 
? : Undefined 


The content of other registers and RAM is undefined when the microcomputer is reset. The initial values 
must therefore be set. 


Note1: When the Vcc level is applied to the CNVss pin, it is 0216 at a reset. 
Note2: This register is only exist in flash memory version. 


Figure 1.6.4. Device's internal status after a reset is cleared 
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000016 
000116 
000216 
000316 
000416 
000516 
000616 
000716 
000816 
000916 
OO0A16 
O00Bi6 


Processor mode register 0 (PMO) 


Processor mode register 1(PM1) 


System clock control register 0 (CMO) 


System clock control register 1 (CM1) 


Reserved register 


Address match interrupt enable register (AIER) 


Protect register (PRCR) 


Data bank register (DBR) 


004016 
004116 
004216 
004316 
004416 
004516 
004616 
004716 
004816 


004916 


INT3 interrupt control register (INT3IC)* 


Timer B65 interrupt control register (TB5IC) 


Timer B4 interrupt control register (TB4IC) 


Timer B3 interrupt control register (TB3IC) 


S1/O4 interrupt control register (S4IC) 
INT5 interrupt control register (INT5IC)* 


SI/O3 interrupt control register (S3IC) 
INT4 interrupt control register (INT4IC)* 


000Ci6 004A1¢ | Bus collision detection interrupt control register (BCNIC) 
000D16 004Bie | DMAO interrupt control register (DMOIC) 
000E16 | Watchdog timer start register (WDTS) 004C16 | DMA1 interrupt control register (DM1IC) 
000F1s | Watchdog timer control register (WDC) 004Die| Key input interrupt control register (KUPIC) 
001016 004E16 | A-D conversion interrupt control register (ADIC) 
001116 | Address match interrupt register 0 (RMADO) 004F1e | UART2 transmit interrupt control register (S2TIC) 
001216 005016 | UART2 receive interrupt control register (S2RIC) 
001316 005116 | UARTO transmit interrupt control register (SOTIC) 
001416 005216 | UARTO receive interrupt control register (SORIC) 
001516 | Address match interrupt register 1 (RMAD1) 005316 | UART1 transmit interrupt control register (S1TIC) 
001616 005416 | UART1 receive interrupt control register (S1RIC) 
001716 005516 | Timer AO interrupt control register (TAOIC) 
001816 005616 | Timer A‘ interrupt control register (TA1IC) 
001916 005716 |_ Timer A2 interrupt control register (TA2IC) 
001A16 005816 | Timer A3 interrupt control register (TA3IC) 
001B16 005916 | Timer A4 interrupt control register (TA4IC) 

) 

) 

) 


001C16 o0s5Aie |_ Timer BO interrupt control register (TBOIC 
001Di6e 005Bis | !imer BT interrupt control register (TB1IC 
O01E16 005Cie| !imer B2 interrupt control register (TB2IC 
001F 16 00sDie| INTO interrupt control register (INTOIC) 
002016 00516 | INTT interrupt control register (INTTIC) 
002116 | DMAO source pointer (SARO) 005Fis | INT2 interrupt control register (INT2IC) 
002216 006016 
002316 006116 
002416 006216 
002516 | DMAO destination pointer (DARO) 006316 
002616 006416 
002716 006516 
002816 | DMAO transfer counter (TCRO) 
002916 
002A16 
002Bi16 
002C16 | DMAO control register (DMOCON) 032A16 
002D16 032B16 
002E16 032C16 
002F16 032D16 
003016 032E16 
003116 | DMA1 source pointer (SAR1) 032Fi6 
003216 033016 
003316 033116 
003416 033216 
003516 | DMA1 destination pointer (DAR1) 033316 
003616 033416 
003716 033516 
003816 033616 
003916 | DMA transfer counter (TCR1) 033716 
003A16 033816 
003B16 033916 
003C16 | DMA control register (DM1CON) 033A16 
003D16 033B16 
003E16 033C16 
003F16 033D16 
033E16 
033F16 


m~ 
~ 


Note 1: M16C/62 (80-pin version) group is not provided with the functions, in whole or in part, of the registers marked with an *. But the relevant 
registers need to be dealt with as given on page 7. 
Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write. 


Figure 1.7.1. Location of peripheral unit control registers (1) 
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034016 | Timer B3, 4, 5 count start flag (TBSR) 038016 | Count start flag (TABSR) 

034116 038116 |_ Clock prescaler reset flag (CPSRF) 
034216 ; : 038216 | One-shot start flag (ONSF) 

034316 | Timer A1-1 register (TA11) oss316 | Trigger select register (TRGSR) 
034416 . : 038416 | Up-down flag (UDF) 

034516 Timer A2-1 register (TA21) 038516 


sear. | Timer A4-1 register (TA41) ger, | Timer AO (TAO) 
034816 | Three-phase PWM control register 0(INVCO) 038816 
034916 | Three-phase PWM control register 1(INVC1) 038916 
034A16 | Thrree-phase output buffer register 0(IDBO) 038A16 
034B16 |_ Thrree-phase output buffer register 1(IDB1) 038B16 
034C1e | Dead time timer(DTT) 038C16 
034Die | Timer B2 interrupt occurrence frequency set counter(ICTB2) 038D16 
034E16 038E16 
034Fi6 038F16 
035016 . : 039016 
babies Timer B3 register (TB3) 039116 


035216 2 . 039216 
035316 Timer B4 register (TB4) 039316 


035416 039416 
0355:6 Timer B5 register (TB5) 039516 
035616 039616 | Timer AO mode register (TAOMR) 
035716 039716 | Timer A1 mode register (TA1MR) 
035816 039816 | Timer A2 mode register (TA2MR) 
035916 039916 | Timer A3 mode register (TAS3MR) 
035A16 039A16 | Timer A4 mode register (TA4MR) 

( ) 

( ) 

( ) 


imer A1 (TA1) 


imer A2 (TA2) 


imer A3 (TA3) 


imer A4 (TA4) 


imer BO (TBO) 


imer B1 (TB1) 


imer B2 (TB2) 


035B16 |_ Timer B3 mode register (TB3MR) 039B16 | Timer BO mode register (TBOMR 
035C16 |_ Timer B4 mode register (TB4MR) 039Ci6 | Timer B1 mode register (TB1MR 
035D16 | Timer B5 mode register (TB5MR) 039Die |_ Timer B2 mode register (TB2MR 
035E16 039E16 
035Fi6 | Interrupt cause select register (IFSR) 039F 16 
036016 | SI/O3 transmit/receive register (S83TRR) 03A016 | UARTO transmit/receive mode register (UOMR) 
036116 03A116 | UARTO bit rate generator (UOBRG) 

036216 |_SI/O3 control register (S3C) 03A216 } ; 

036316 | SI/O3 bit rate generator (S3BRG) 03a3ie | UARTO transmit buffer register (UOTB) 
036416 | SI/O4 transmit/receive register (S4TRR) 03A416 | UARTO transmit/receive control register 0 (UOCO) 
036516 03A516 | UARTO transmit/receive control register 1 (U0C1) 
036616 |_SI/O4 control register (S4C 03A616 ; : 

036716 |_SI/O4 bit rate generator anna oga7ig | UARTO receive buffer register (UORB) 

036816 03A816 | UART1 transmit/receive mode register (U1MR) 
036916 03A916 | UART1 bit rate generator (U1BRG) 

ee a UART1 transmit buffer register (U1TB) 
036C16 03ACi6| UART1 transmit/receive control register 0 (U1C0) 
036D16 03ADie| UART1 transmit/receive control register 1 (U1C1) 
a beac, | UART1 receive butter register (U1RB) 

037016 03B016 | UART transmit/receive control register 2 (UCON) 
037116 03B116 
037216 03B216 
037316 03B316 
037416 03B416 
037516 03B516 
037616 | UART2 special mode register 2(U2SMR2) (Note1) 038616 | Flash memory control register 1 (FMR1) (Note2) 
037716 | UART2 special mode register (U2SMR) 03B716 | Flash memory control register 0 (FMRO) (Note2) 
037816 | UART2 transmit/receive mode register (U2MR) 03B816 | DMAO request cause select register (DMOSL) 
037916 | UART2 bit rate generator (U2BRG) 03B916 
037A16 ‘ ; o3BA1s | DMA request cause select register (DM1SL) 
arbi UART2 transmit buffer register (U2TB) O3BBi6 a g 
037C16 | UART2 transmit/receive control register 0 (U2CO) 03BC16 F 
037Die | UART2 transmit/receive control register 1 (U2C1) O3BD16 CRC data register (CRCD) 


037E16 . : 03BE1s| CRC input register (CRCIN) 
Wares UART2 receive buffer register (U2RB) O3BF16 


Note 1 : This register is not exist in M30623EC. 
Note 2 : This register is only exist in flash memory version. 
Note 3 : Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write. 


Figure 1.7.2. Location of peripheral unit control registers (2) 
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030016 
03C116 
030216 
030316 
03C416 
030516 
03C616 
03C716 
03C816 
030916 
O3CA16 
O3CBi6 
03CCi16 
03CDi16 
03CE16 
O3CFi6 
DO16 
D116 
D216 
D316 
D416 |_A-D control register 2 (ADCON2) 
D516 
D616 |_A-D control register 0 (ADCONO) 
D716 |_A-D control register 1 (ADCON1) 
D816 |_D-A register 0 (DAO) 

D916 
DAs |_D-A register 1 (DA1) 
DBi6é 
DCis|_D-A control register (DACON) 
DDi6 
DE16 
O3DFt6 
03E016 | Port PO (PO) 

03E116 | Port P1 (P1) 

03E216 | Port PO direction register (PDO) 
03E316 | Port P1 direction register (PD1) 
03E416 | Port P2 (P2) 
03E516 | Port P3 (P3) 
03E616 | Port P2 direction register (PD2) 
03E716 |_Port P3 direction register (PD3) 
03E816 |_Port P4 (P4) 
03E916 | Port P5 (P5) 
03EA16 |_ Port P4 direction register (PD4) 
03EBie| Port P5 direction register (PD5) 
03EC16{ Port P6 (P6) 
03ED16| Port P7 (P7) 
03EE1s| Port P6 direction register (PD6) 
03EFis| Port P7 direction register (PD7) 
03F016 |_Port P8 (P8) 
03F116 | Port P9 (P9) 
03F216 |_ Port P8 direction register (PD8) 
03F316 | Port P9 direction register (PD9) 
03F416 | Port P10 (P10) 

03F516 
03F616 | Port P10 direction register (PD10) 
03F716 
03F816 
03F916 
O3FA16 
03FB16 
03FC16| Pull-up control register 0 (PURO) 
03FD16 |_Pull-up control register 1 (PUR1) 
03FE16 |_Pull-up control register 2 (PUR2) 
03FFie | Port control register (PCR) 


A-D register 0 (ADO) 


A-D register 1 (AD1) 


A-D register 2 (AD2) 


A-D register 3 (AD3) 


A-D register 4 (AD4) 


A-D register 5 (AD5) 


A-D register 6 (AD6) 


A-D register 7 (AD7) 


Note 1: M16C/62 (80-pin version) group is not provided with the functions, in whole or in part, of the registers 
marked with an *. But the relevant registers need to be dealt with as given on page 7. 

Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for 
read or write. 


Figure 1.7.3. Location of peripheral unit control registers (3) 
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Software Reset 
Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the 
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal 
RAM are preserved. 


Processor Mode 
Single-chip mode 
M16C/62 (80-pin version) group support single-chip mode only. 
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be ac- 
cessed. Ports PO to P10 can be used as programmable I/O ports or as I/O ports for the internal peripheral 
functions. 
Figure 1.8.1 shows the processor mode register 0 and 1. 
Figure 1.8.2 shows the memory map. 
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Processor mode register 0 (Note) 


b7 b6 bS5 b4 b3 b2 bil 


Symbol Address When reset 
PMO 000416 0016 


Si symba 
P j b1 bO 
PMOO rocessor mode bit do: Sikgiosnintisae joo 
0 1: Inhibited 
Pmot 1 0: Inhibited eo 


1 1: Inhibited 


Reserved bit Must always be set to “0” O10 


PM03 Software reset bit The device is reset when this bit 
is set to “1”. The value of this bit 
is “O” when read. 


Reserved bit Must always be set to “0” jo. 


Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new 


values to this register. 


Processor mode register 1 (Note 1) 


b7 b6 bS5 b4 b3 b2 bi b0 


_lofolo] XxbxJo 


pocceeee 


Symbol Address When reset 
PM1 000516 00000XX02 


Bit symbol 7 
Reserved bit Must always be set to “0” 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns 
out to be indeterminate. 


Internal reserved area 0: The same internal reserved 
expansion bit (Note 2) area as that of M16C/60 and 
M16C/61 group 
: Expands the internal RAM area 
and internal ROM area to 23 K 
bytes and to 256K bytes 
respectively. (Note 2) 


Reserved bit Must always be set to “O” 
PM17 Wait bit ie No wait state 
: Wait state inserted 


Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to 
this register. 

Note 2: Be sure to set this bit to 0 except products whose RAM size and ROM size exceed 
15K bytes and 192K bytes respectively. 
In using M30625MG/FG, a product having a RAM of more than 15K bytes and a 
ROM of more than 192K bytes, set this bit to 1 at the beginning of user program. 
Specify D000016 or a subsequent address, which becomes an internal ROM area 
if PM13 is set to 0 at the time reset is revoked, for the reset vector table of user 
program. 


Figure 1.8.1. Processor mode register 0 and 1 
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Single-chip mode 


0000016 


0040016 


Internal 
RAM area 


XXXXX16 


Address XXXXX16 | Address YYYYY16 


M30623M4 OOFFFi6 F800016 Reserved 
M30623M8 013FFi6 F000016 alee 
M30623MA 017FFi6 E800016 

M30623MC O17FFi6 E000016 

M30621M8 O2BFF16 FO00016 


M30621MC/EC O2BFF16 E000016 YYYYY16 
M30621MA O2BFF16 E800016 


Internal 
M30625MG/F 053FF C0000 
30625MG/FG 16 16 ROM area 


FFFFF16 


Note: This memory map shows when PM13 is “0”. 
However, this shows when PM13 is “1” in M30625MG/FG. 
Set PM13 to “1” in M380625MG/FG. 


Figure 1.8.2. Memory map 
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Software wait 

A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address 
000516) (Note). 
A software wait is inserted in the internal ROM/RAM area by setting the wait bit of the processor mode 
register 1. When set to “0”, each bus cycle is executed in one BCLK cycle. When set to “1”, each bus cycle 
is executed in two BCLK cycles. After the microcomputer has been reset, this bit defaults to “O”. Set this bit 
after referring to the recommended operating conditions (main clock input oscillation frequency) of the 
electric characteristics. 
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits. 
Table 1.8.1 shows the software wait and bus cycles. Figure 1.8.3 shows example bus timing when using 
software waits. 

Note: Before attempting to change the contents of the processor mode register 1, set bit 1 of the protect 

register (address 000A16) to “1”. 


Table 1.8.1. Software waits and bus cycles 


1 BCLK cycle 
Internal 
ROM/RAM 
aM 2 BCLK cycles 
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. INGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Software wait SINGLE-CHIP 16-BIT C 


< No wait > Bus cycle (Note) 


BCLK 


Write signal | 
Read signal 


Data bus. ————up}) ————{ input) 
en ec ac ae 


Chip select ee ee es ce ee ee 


< With wait > Bus cycle (Note) 


BCLK 
Write signal 
Read signal 
ae / i ee 
Data bus ——_ Output 
Chip select 


Note : These example timing charts indicate bus cycle length. 
After this bus cycle sometimes come read and write cycles in succession. 


Figure 1.8.3. Typical bus timings using software wait 


¢ MITSUBISHI 25 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Clock Generating Circuit 
The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the 
CPU and internal peripheral units. 


Table 1.9.1. Main clock and sub clock generating circuits 


Main clock generating circuit Sub clock generating circuit 


Use of clock * CPU’s operating clock source * CPU’s operating clock source 
¢ Internal peripheral units’ ¢ Timer A/B’s count clock 


operating clock source source 

Usable oscillator Ceramic or crystal oscillator Crystal oscillator 
Pins to connect oscillator XIN, XOUT XCIN, XCOUT 
Oscillation stop/restart function Available Available 
Oscillator status immediately after reset | Oscillating Stopped 

Other Externally derived clock can be input 


Example of oscillator circuit 
Figure 1.9.1 shows some examples of the main clock circuit, one using an oscillator connected to the 
circuit, and the other one using an externally derived clock for input. Figure 1.9.2 shows some examples of 
sub clock circuits, one using an oscillator connected to the circuit, and the other one using an externally 
derived clock for input. Circuit constants in Figures 1.9.1 and 1.9.2 vary with each oscillator used. Use the 
values recommended by the manufacturer of your oscillator. 


Microcomputer Microcomputer 
(Built-in feedback resistor) (Built-in feedback resistor) 


XIN XOuT XIN XouT 


t Open 


Externally derived clock 
Ter" TT Cour 


Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive 
capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's 
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIN 
and XOUuT following the instruction. 


Figure 1.9.1. Examples of main clock 


Microcomputer Microcomputer 
(Built-in feedback resistor) (Built-in feedback resistor) 


XCIN XcouT XCIN XcouT 


t Open 


Externally derived clock 


= = 


Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive 
capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's 
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XCIN 
and XCOUT following the instruction. 


Figure 1.9.2. Examples of sub clock 
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Clock Control 


Figure 1.9.3 shows the block diagram of the clock generating circuit. 


XCOUT 


f1S102 


fsSlO2 
Sub clock 


f32S102 
CM10 “1” 
Write signal 


RESET —q>~ Divider 
Software reset 


Nf 


Interrupt request 
level judgment 
output 


WAIT instruction ——+ 


CMO06=0 
CM17,CM16=11 


CMO06=1 
CM06=0 


CM17,CM16=10 0 ™ : d 


O 
CM06=0 
CM17,CM16=01 ) 


CM06=0 
CM17,CM16=00 


CMOi : Bit i at address 000616 
CM1i : Bit i at address 000716 
WDCi : Bit i at address OOOF 16 


Details of divider 


Figure 1.9.3. Clock generating circuit 
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The following paragraphs describes the clocks generated by the clock generating circuit. 
(1) Main clock 


The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to 
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the 
clock, after switching the operating clock source of CPU to the sub-clock, reduces the power dissipation. 
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock 
oscillation circuit can be reduced using the XIN-XOUT drive capacity select bit (bit 5 at address 000716). 
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit 
changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When 
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is re- 
tained. 


(2) Sub-clock 


The sub-clock is generated by the sub-clock oscillation circuit. No sub-clock is generated after a reset. 
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be 
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure 
that the sub-clock oscillation has fully stabilized before switching. 
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock 
oscillation circuit can be reduced using the XCIN-XCOUT drive capacity select bit (bit 3 at address 000616). 
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit 
changes to “1” when shifting to stop mode and at a reset. 

(3) BCLK 
The BCLK is the clock that drives the CPU, and is fc or the clock is derived by dividing the main clock by 
1,2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. The BCLK signal can 
be output from BCLK pin by the BCLK output disable bit (bit 7 at address 000416) in the memory expan- 
sion and the microprocessor modes. 
The main clock division select bit O(bit 6 at address 000616) changes to “1” when shifting from high- 
speed/medium-speed to stop mode and at reset. When shifting from low-speed/low power dissipation 
mode to stop mode, the value before stop mode is retained. 

(4) Peripheral function clock(f1, f8, 32, f1S102, f8S102,f32S102,fAD) 


The clock for the peripheral devices is derived from the main clock or by dividing it by 1, 8, or 32. The 
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function 
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction. 


(5) fc32 
This clock is derived by dividing the sub-clock by 32. It is used for the timer A and timer B counts. 
(6) fc 


This clock has the same frequency as the sub-clock. It is used for the BCLK and for the watchdog timer. 


28 ¢ MITSUBISHI 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Figure 1.9.4 shows the system clock control registers 0 and 1. 


System clock control register 0 (Note 1) 


b7 b6 bS b4 b3 b2 b1 bO 


Symbol Address — When reset 
CMO 000616 4816 


Bitsymbol | __Bit name 


b1 bO 


Clock output function 00: 1/0 port P57 
select bit : 01: fc output 

(Valid only in single-chip 10: fs output 

mode) 11: f32 output 

WAIT peripheral function F : Do not stop peripheral function clock in wait mode 
clock stop bit : Stop peripheral function clock in wait mode (Note 8) 
XCIN-XCOUT drive capacity r LOW 

select bit (Note 2) : HIGH 


Port Xc select bit : I/O port 
aces : XCIN-XCOUT generation a 
CMO05 Main clock (XIN-XOUT) Ae On 

stop bit ae 3, 4, 5) : Off 
CM06 Main clock division select ze CM16 and CM17 valid 

bit 0 (Note 7) : Division by 8 mode 

System clock select bit 0: XIN, XOUT 


: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 

: Changes to “1” when shiffing to stop mode and at a reset. 

: When entering power saving mode, main clock stops using this bit. When returning from stop mode and 
operating with XIN, set this bit to “O”. When main clock oscillation is operating by itself, set system clock select 
bit (CM07) to “1” before setting this bit to “1”. 

: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable. 

: If this bit is set to “1”, XOUT turns “H”. The built-in feedback resistor remains being connected, so XIN turns 
pulled up to XOuT (“H”) via the feedback resistor. 

: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “O” to “1”. 
Do not write to both bits at the same time. And also, set the main clock stop bit (CM05) to “O” and stabilize the 
main clock oscillating before setting this bit from “1” to “O”. 

: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When 
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained. 

: f¢32 is not included. 


System clock control register 1 (Note 1) 
b7 b6 bd b4 b3 b2 bi bd 


0};0)0/0 


Symbol Address — When reset 
CM1 000716 2016 


Bit symbol 


L CM10 All clock stop control bit 0 : Clock on 
(Note4) 1: All clocks off (stop mode) 


Reserved bit Always set to “0” 


Always set to “0” 
Always set to “0” 


Always set to “0” 


XIN-XOUT drive capacity 0: LOW 

select bit (Note 2) 1: HIGH 
b7 b6 

Main clock division 00: No division mode 

select bit 1 (Note 3) 01 : Division by 2 mode 
10 : Division by 4 mode 
1 1: Division by 16 mode 


Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register. 

Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When 
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained. 

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “O”. If “1”, division mode is 
fixed at 8. 

Note 4: If this bit is set to “1”, XOUT turns “H”, and the built-in feedback resistor is cut off. XCIN and XCOUT turn high- 
impedance state. 


Figure 1.9.4. Clock control registers 0 and 1 
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Clock Output 
In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or 
fc to be output from the P57/CLKOUT pin. When the WAIT peripheral function clock stop bit (bit 2 at address 
000616) is set to “1”, the output of fg and f32 stops when a WAIT instruction is executed. 


Stop Mode 
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom- 
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc re- 
mains above 2V. 
Because the oscillation , BCLK, f1 to f32, f1Slo2 to f32S102, fc, fC32, and fAD stops in stop mode, peripheral 
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B 
operate provided that the event counter mode is set to an external pulse, and UARTi(i = 0 to 2), SI/O3,4 
functions provided an external clock is selected. Table 1.9.2 shows the status of the ports in stop mode. 
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode, 
that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is executed. 
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division 
select bit 0 (bit 6 at address 000616) is set to “1”. When shifting from low-speed/low power dissipation mode 
to stop mode, the value before stop mode is retained. 


Table 1.9.2. Port status during stop mode 
Single-chip mode 
Port Retains status before stop mode 


CLKout — |When fc selected “Hy” 
When fs, f32 selected Retains status before stop mode 
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Wait Mode 
When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this 
mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral 
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal 
peripheral functions, allowing power dissipation to be reduced. Table 1.9.3 shows the status of the ports in 
wait mode. 
Wait mode is cancelled by a hardware reset or an interrupt. If an interrupt is used to cancel wait mode, the 
microcomputer restarts from the interrupt routine using as BCLK, the clock that had been selected when the 
WAIT instruction was executed. 


Table 1.9.3. Port status during wait mode 


Single-chip mode 

Port Retains status before wait mode 

CLKOUT When fc selected Does not stop 

When fs, f32 selected| Does not stop when the WAIT peripheral function clock stop bit 


is “O”. 
When the WAIT peripheral function clock stop bit is “1”, the sta- 
tus immediately prior to entering wait mode is retained. 
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Status Transition Of BCLK 
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for 
BCLK. Table 1.9.4 shows the operating modes corresponding to the settings of system clock control 
registers 0 and 1. 
When reset, the device starts in division by 8 mode. The main clock division select bit O(bit 6 at address 
000616) changes to “1” when shifting from high-speed/medium-speed to stop mode and at a reset. When 
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained. 
The following shows the operational modes of BCLK. 
(1) Division by 2 mode 
The main clock is divided by 2 to obtain the BCLK. 
(2) Division by 4 mode 
The main clock is divided by 4 to obtain the BCLK. 
(3) Division by 8 mode 
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this 
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4 
mode, the main clock must be oscillating stably. When going to low-speed or lower power consumption 
mode, make sure the sub-clock is oscillating stably. 
(4) Division by 16 mode 
The main clock is divided by 16 to obtain the BCLK. 
(5) No-division mode 
The main clock is divided by 1 to obtain the BCLK. 
(6) Low-speed mode 
fc is used as the BCLK. Note that oscillation of both the main and sub-clocks must have stabilized before 
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub- 
clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately 
after powering up and after stop mode is cancelled. 
(7) Low power dissipation mode 
fc is the BCLK and the main clock is stopped. 


Note : Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which 
the count source is going to be switched must be oscillating stably. Allow a wait time in software for 
the oscillation to stabilize before switching over the clock. 


Table 1.9.4. Operating modes dictated by settings of system clock control registers 0 and 1 
Operating mode of BCLK 


Invalid Division by 2 mode 

Invalid Division by 4 mode 

Invalid Invalid Invalid Division by 8 mode 
1 1 Invalid Division by 16 mode 


0 0 Invalid No-division mode 
Invalid Invalid Invalid 1 Low-speed mode 
Invalid Invalid Invalid 1 Low power dissipation mode 
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Power control 
The following is a description of the three available power control modes: 


Modes 


Power control is available in three modes. 


(a) Normal operation mode 


¢ High-speed mode 
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the internal 
clock selected. Each peripheral function operates according to its assigned clock. 


- Medium-speed mode 
Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the 
BCLK. The CPU operates according to the internal clock selected. Each peripheral function oper- 
ates according to its assigned clock. 


- Low-speed mode 
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the 
secondary clock. Each peripheral function operates according to its assigned clock. 


- Low power consumption mode 
The main clock operating in low-speed mode is stopped. The CPU operates according to the fc 
clock. The fc clock is supplied by the secondary clock. The only peripheral functions that operate 
are those with the sub-clock selected as the count source. 


(b) Wait mode 
The CPU operation is stopped. The oscillators do not stop. 


(c) Stop mode 
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three 


modes listed here, is the most effective in decreasing power consumption. 


Figure 1.9.5 is the state transition diagram of the above modes. 


¢ MITSUBISHI 33 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Power control SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Transition of stop mode, wait mode 


Reset 


Alloscillators stopped (— t >) WAIT CPU operation stopped 
/ 4g GM10 = “1” ( Medium-speed mode )—Linstruction gt 
—_—___» <<< 


Stop mode aa \_(divided-by-8 mode) _) Wait mode 


era el ee 


Stop mode CM10 = “1” ( High-speed/medium-  ) 


\ )+~——-\____ speedmode _/ 


t 


al Low-speed/low power ) 
\__ dissipation mode _/ 


\N— Normal mode —” 
(Refer to the following for the transition of normal mode.) 


Interrupt 


WAIT 
instruction > 
Interrupt 


Wait mode 


WAIT 
instruction > 
Interrupt 


¢CM10 = “1” 
Interrupt 


Stop mode Wait mode 


Transition of normal mode 


Main clock is oscillating 
Sub clock is stopped 


Medium-speed mode 
(divided-by-8 mode) 


BCLK : f(Xin)/8 
CM07 = “0” CMO06 = “1” 
CM07 = “0” (Note 1) 
CMO06 = “1” 


(Notes 1, 3) CM04 = “0” 


Main clock is oscillating CMmo4 = of Fee = 


Sub clock is oscillating 
7 


Medium-speed mode 
(divided-by-2 mode) 
BCLK : f(Xin)/2 


CM07 = “0” CMO06 = “0” 
CM17 = “0” CM16 = “1” 


High-speed mode 


BCLK : f(Xin) 
CMO7 = “0” CM06 
CM17 = “0” CM16 


Main clock is oscillating 
Sub clock is oscillating 


Low-speed mode 


Medium-speed mode 
(divided-by-8 mode) 


BCLK : f(Xin)/8 


= 0” 

=‘0" CM07 = “0” 
(Note 1, 3) 

<< 


Medium-speed mode 
(divided-by-4 mode) 


Medium-speed mode 
(divided-by-16 mode) 


BCLK : f(Xin)/4 
CMO7 = “0” CMO6 = “0” 
CM17 = “1” CM16 = 0" 


BCLK : f(Xin)/16 
CM07 = “0” CMO6 = “0” 
CM17 = “1” CM16 = “1” 


CM07 = “0” 
CMO06 = “1” 


CM06 = “0” 
(Notes 1,3) 


Main clock is oscillating | CM04 = “1” 


Sub clock is stopped 


a 


High-speed mode 


Medium-speed mode 
(divided- 


PN 
by-2 mode) 


BCLK : (Xin) 
CMO7 = “0” CMO6 = “0” 
CM17 = “0” CM16 = "0" 


BCLK : #(Xin)/2 
CM07 = “0” CMO06 = “0” 
CM17 = “0” CM16 = “1” 


Medium-speed mode 
(divided-by-4 mode) 


Medium-speed mode 
(divided-by-16 mode) 


CM04 = “1” 


BCLK : (Xin)/4 
CMO7 = “0” CMO6 = “0” 
CM17 =“1" CM16 = “0" 


BCLK : f(Xin)/16 
CM07 = “0” CMO06 = “0” 
CM17 = “1” CM16 = “1” 


a 


y, 


CM07 = “1” 
(Note 2) 


CM07 = “0” (Note 1) 
CMO06 = “O” (Note 3) 


Note 1: Switch clock after oscillation of main clock is sufficiently stable. 


Note 2: Switch clock after oscillation of sub clock is sufficiently stable. 


Note 3: Change CMO06 after changing CM17 and CM16. 
Note 4: Transit in accordance with arrow. 


Figure 1.9.5. State transition diagram of Power control mode 
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Sub clock is oscillating 
Low power dissipation mode 
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Protection 
The protection function is provided so that the values in important registers cannot be changed in the event 
that the program runs out of control. Figure 1.9.6 shows the protect register. The values in the processor 
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg- 
ister 0 (address 000616), system clock control register 1 (address 000716), port P9 direction register (ad- 
dress 03F316) , SI/O3 control register (address 036216) and SI/O4 control register (address 036616) can 
only be changed when the respective bit in the protect register is set to “1”. Therefore, important outputs 
can be allocated to port P9. 
If, after “1” (write-enabled) has been written to the port P9 direction register and SI/Oi control register 
(i=3,4) write-enable bit (bit 2 at address 000A16), a value is written to any address, the bit automatically 
reverts to “O” (write-inhibited). However, the system clock control registers 0 and 1 write-enable bit (bit 0 at 
000A16) and processor mode register 0 and 1 write-enable bit (bit 1 at O0O0A16) do not automatically return 
to “O” after a value has been written to an address. The program must therefore be written to return these 
bits to “0”. 


Protect register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
PRCR 000A16 XXXXX0002 


 [Biteymba AW 


i Enables writing to system clock 
: PRCO | control registers 0 and 1 (addresses 2 vi aati 
000616 and 000716) Leena 
: Enables writing to processor mode : z 
PRC1 | registers 0 and 1 (addresses 000416 ' Hileelbsn ian 
and 000516) : 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be 
indeterminate. 


PRC2 Enables writing to port P9 direction | 0 : Write-inhibited 
register (address 03F316) and SI/Oi | 1 : Write-enabled 
control register (i=3,4) (addresses 
036216 and 036616) (Note) 


Note: Writing a value to an address after “1” is written to this bit returns the bit 
to “0” . Other bits do not automatically return to “O” and they must therefore 
be reset by the program. 


Figure 1.9.6. Protect register 
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Overview of Interrupt 


Type of Interrupts 
Figure 1.10.1 lists the types of interrupts. 


Undefined instruction (UND instruction) 
Overflow (INTO instruction) 

BRK instruction 

INT instruction 


Software 


Interrupt Reset 
NMI 
DBC 
Watchdog timer 
Hardware Single step 
Address matched 


Special 


Peripheral I/O (Note) 


Note: Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system. 


Figure 1.10.1. Classification of interrupts 


¢ Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority can be changed by priority level. 

¢ Non-maskable interrupt : An interrupt which cannot be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority cannot be changed by priority level. 
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Software Interrupts 
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable 
interrupts. 


¢ Undefined instruction interrupt 
An undefined instruction interrupt occurs when executing the UND instruction. 

* Overflow interrupt 
An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to 
“1”. The following are instructions whose O flag changes by arithmetic: 
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB 

- BRK interrupt 
A BRK interrupt occurs when executing the BRK instruction. 

- INT interrupt 
An INT interrupt occurs when assiging one of software interrupt numbers 0 through 63 and executing 
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts, 
so executing the INT instruction allows executing the same interrupt routine that a peripheral I/O 
interrupt does. 
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is 
involved. 
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack 
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “O” and 
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from 
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re- 
quest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a 
shift. 
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Hardware Interrupts 
Hardware interrupts are classified into two types — special interrupts and peripheral I/O interrupts. 
(1) Special interrupts 

Special interrupts are non-maskable interrupts. 

- Reset 
Reset occurs if an “L” is input to the RESET pin. 

¢ NMI interrupt 
An NMI interrupt occurs if an “L” is input to the NMI pin. 

¢ DBC interrupt 
This interrupt is exclusively for the debugger, do not use it in other circumstances. 

¢ Watchdog timer interrupt 
Generated by the watchdog timer. 

¢ Single-step interrupt 
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug 
flag (D flag) set to “1”, a single-step interrupt occurs after one instruction is executed. 

- Address match interrupt 
An address match interrupt occurs immediately before the instruction held in the address indicated by 
the address match interrupt register is executed with the address match interrupt enable bit set to “1”. 
If an address other than the first address of the instruction in the address match interrupt register is set, 
no address match interrupt occurs. 


(2) Peripheral I/O interrupts 
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func- 
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of 
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through 
31 the INT instruction uses. Peripheral I/O interrupts are maskable interrupts. 
- Bus collision detection interrupt 
This is an interrupt that the serial I/O bus collision detection generates. 
¢ DMAO interrupt, DMA1 interrupt 
These are interrupts that DMA generates. 
¢ Key-input interrupt 
A key-input interrupt occurs if an “L” is input to the KI pin. 
¢ A-D conversion interrupt 
This is an interrupt that the A-D converter generates. 
- UARTO, UART1, UART2/NACK, SI/O3 and SI/O4 transmission interrupt 
These are interrupts that the serial I/O transmission generates. 
¢ UARTO, UART1, UART2/ACK, SI/O3 and SI/O4 reception interrupt 
These are interrupts that the serial I/O reception generates. 
¢ Timer AO interrupt through timer A4 interrupt 
These are interrupts that timer A generates 
¢ Timer BO interrupt through timer B5 interrupt 
These are interrupts that timer B generates. 
- INTO interrupt through INT2 interrupt 
An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin. 
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Interrupts and Interrupt Vector Tables 
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector 
table. Set the first address of the interrupt routine in each vector table. Figure 1.10.2 shows the format for 
specifying the address. 
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and 
variable vector table in which addresses can be varied by the setting. 


MSB LSB 
Vector address + 1 Mid address 


Vector address + 2 0000 High address 
Vector address + 3 0000 0000 


Figure 1.10.2. Format for specifying interrupt vector addresses 


- Fixed vector tables 
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area 
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of 
interrupt routine in each vector table. Table 1.10.1 shows the interrupts assigned to the fixed vector 
tables and addresses of vector tables. 


Table 1.10.1. Interrupts assigned to the fixed vector tables and addresses of vector tables 


Interrupt source Vector table addresses Remarks 
Address (L) to address (H) 
Undefined instruction | FFFDC16 to FFFDF16 | Interrupt on UND instruction 
Overflow FFFE016 to FFFE316 Interrupt on INTO instruction 
BRK instruction FFFE416 to FFFE716 If the vector contains FF 16, program execution starts from 
the address shown by the vector in the variable vector table 
Address match FFFE816 to FFFEB1i6 | There is an address-matching interrupt enable bit 
Single step (Note) FFFEC16 to FFFEFi6_ | Do not use 
Watchdog timer FFFFO16 to FFFF316 
DBC (Note) FFFF416 to FFFF716 Do not use 
NMI FFFF816 to FFFFB16 External interrupt by input to NMI pin 
Reset FFFFC16 to FFFFF16 
Note: Interrupts used for debugging purposes only. 
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¢ Variable vector tables 


The addresses in the variable vector table can be modified, according to the user’s settings. 


Indicate 


the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad- 
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises 
four bytes. Set the first address of the interrupt routine in each vector table. Table 1.10.2 shows the 
interrupts assigned to the variable vector tables and addresses of vector tables. 


Table 1.10.2. Interrupts assigned to the variable vector tables and addresses of vector tables 


Software interrupt number 


Vector table address 


Address (L) to address (H) 


Interrupt source 


Remarks 


Software interrupt number 0 


+0 to +3 (Note 1) 


BRK instruction 


Cannot be masked | flag 


Software interrupt number 4 


+16 to +19 (Note 1 


INT3 


Software interrupt number 5 


+20 to +23 (Note 1 


Timer B5 


Software interrupt number 6 


+24 to +27 (Note 1 


Timer B4 


Software interrupt number 7 


+28 to +31 (Note 1 


Timer B3 


Software interrupt number 8 


+32 to +35 (Note 1 


SI/O4/INT5 (Note 3, 4) 


Software interrupt number 9 


( 
( 
( 
( 
( 
( 


+36 to +39 (Note 1 


SI/O3/INT4 (Note 3, 4) 


Software interrupt number 10 


+40 to +43 (Note 1 


Bus collision detection 


Software interrupt number 11 


+44 to +47 (Note 1 


DMAO 


Software interrupt number 12 


+48 to +51 


DMA1 


Software interrupt number 13 


+52 to +55 (Note 1 


Key input interrupt 


Software interrupt number 14 


Software interrupt number 15 


+56 to +59 (Note 1 
+60 to +63 (Note 1 


A-D 
UART2 transmit/NACK (Note 2) 


Software interrupt number 16 


+64 to +67 (Note 1 


UART2 receive/ACK (Note 2) 


Software interrupt number 17 


UARTO transmit 


Software interrupt number 18 


+72 to +75 (Note 1 


UARTO receive 


Software interrupt number 19 


+76 to +79 (Note 1 


UART1 transmit 


Software interrupt number 20 


+80 to +83 (Note 1 


UART1 receive 


Software interrupt number 21 


+84 to +87 (Note 1 


Timer AO 


Software interrupt number 22 


+88 to +91 


Timer A1 


Software interrupt number 23 


+92 to +95 (Note 1 


Timer A2 


Software interrupt number 24 


( 
( 
( 
( 
( 
( 
( 
+68 to +71 ( 
( 
( 
( 
( 
( 
( 
( 


+96 to +99 (Note 1 


Timer A3 


Software interrupt number 25 


+100 to +103 (Note 


Timer A4 


Software interrupt number 26 


+104 to +107 (Note 1 


Timer BO 


Software interrupt number 27 


+108 to +111 (Note 1 


Timer B1 


Software interrupt number 28 


+112 to +115 (Note 1 


Timer B2 


Software interrupt number 29 


INTO 


Software interrupt number 30 


+120 to +123 (Note 1 


INT1 


Software interrupt number 31 


+124 to +127 (Note 1 


INT2 


Software interrupt number 32 


to 
Software interrupt number 63 


+128 to +131 


to 
+252 to +255 (Note 1) 


( ) 
( ) 
( ) 
( ) 
+116 to +119 (Note 1) 
( ) 
( ) 
(Note 1) 


Software interrupt 


Note 1: Address relative to address in interrupt table register (INTB). 

Note 2: When IIC mode is selected, NACK and ACK interrupts are selected. 

Note 3: It is selected by interrupt request cause bit (bit 6, 7 in address 035F 16 ). 

Note 4: P15/INT3 to P17/INT5 do not connect to outside. INT3 to INT5 interrupt cannot 
be used in M16C/62 (80-pin version) group. 


Cannot be masked | flag 
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Interrupt Control 
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the 
priority to be accepted. What is described here does not apply to non-maskable interrupts. 
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level selec- 
tion bit, or processor interrupt priority level (IPL). Whether an interrupt request is present or absent is 
indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bit 
are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (| flag) and the 
IPL are located in the flag register (FLG). 
Figure 1.10.3 shows the memory map of the interrupt control registers. 


9 MITSUBISHI At 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Interrupt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Interrupt control register (Note 2) 


Symbol Address When reset 

TBilC(i=3 to 5) 004516 to 004716 XXXXX0002 

BCNIC 004A16 XXXXX0002 

DMilC(i=0, 1) 004B16, 004C16 XXXXX0002 

KUPIC 004Di6 XXXXX0002 

ADIC 004E16 XXXXX0002 

SITIC(i=0 to 2) 005116, 005316, 004F 16 XXXXX0002 

b7 b6 bS b4 b3 b2 bi bO SIRIC(i=0 to 2) 005216, 005416, 005016 XXXXX0002 
TAiIC(i=0 to 4) 005516 to 005916 XXXXX0002 

TBilC(i=0 to 2) 005Ai16 to 005Ci6 XXXXX0002 


Bit Symba 


Interrupt priority level 
select bit 
: Level 0 (interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 0: oO 
1: Interrupt requested ‘(Note 1) 


Nothing is assigned. 
When write, set “0”. When read, its content is indeterminate. 


Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 
Note 2: To rewrite the interrupt control register, do so at a point that dose not generate the 
interrupt request for that register. For details, see the precautions for interrupts. 


Symbol Address When reset 
INTiIC(i=3) 004416 XX00X0002 
b7 b6 _b5 b4 b3 b2 bt b0 SIIC/INTjIC (i=4, 3) 004816, 004916 XX00X0002 


=4 
K/7M4 =5, 004816, 0049 XX00X000 
XXof | tt INTiIIC(i=0 i 2 O0SDi6 to O0SF16 XX00X0002 


Interrupt priority level 


select bit 
: Level 0 (interrupt disabled) 


: Level 1 


: Level 2 
: Level 3 
: Level 4 
: Level 5 (2 


: Level 6 
: Level 7 


Reserved bit Always set to “0” 


Polarity select bit 0 : Selects falling edge 
1: Selects rising edge 


Nothing is assigned. 
When write, set “O”. When read, its content is indeterminate. 


Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1). 

Note 2: INT3 to INT5 interrupts cannot be used. However, must set INT3IC to "0016". INT4IC 
and INT5IC are shared with S3IC and S4IC respectively. When not using as S3IC and 
S4IC, must set INT3IC to "0016". 

Note 3: To rewrite the interrupt control register, do so at a point that dose not generate the 
interrupt request for that register. For details, see the precautions for interrupts. 


Figure 1.10.3. Interrupt control registers 
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Interrupt Enable Flag (I flag) 


The interrupt enable flag (| flag) controls the enabling and disabling of maskable interrupts. Setting this 
flag to “1” enables all maskable interrupts; setting it to “O” disables all maskable interrupts. This flag is set 
to “0” after reset. 


Interrupt Request Bit 
The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is 
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The 
interrupt request bit can also be set to "0" by software. (Do not set this bit to "1"). 


Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL) 
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits 
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared 
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL. 


Therefore, setting the interrupt priority level to “O” disables the interrupt. 


Table 1.10.3 shows the settings of interrupt priority levels and Table 1.10.4 shows the interrupt levels 
enabled, according to the consist of the IPL. 


The following are conditions under which an interrupt is accepted: 
- interrupt enable flag (I flag) = 1 
- interrupt request bit = 1 

- interrupt priority level > IPL 


The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are 
independent, and they are not affected by one another. 


Table 1.10.3. Settings of interrupt priority 


Table 1.10.4. Interrupt levels enabled according 


levels to the contents of the IPL 

ehelopaiales at ee sels IPL Enabled interrupt priority levels 

b2 b1 b0 IPL2 IPLi IPLo 

000 Level 0 (interrupt disabled) — 0 0 0 Interrupt levels 1 and above are enabled 

00 1 Level 1 Low 00 1 Interrupt levels 2 and above are enabled 

01 0 Level 2 01 £40 Interrupt levels 3 and above are enabled 

01 1 Level 3 01 1 Interrupt levels 4 and above are enabled 

1 00 Level 4 1 0 0 Interrupt levels 5 and above are enabled 

1 01 Level 5 101 Interrupt levels 6 and above are enabled 

1 1 0 Level 6 1 1°40 Interrupt levels 7 and above are enabled 

1 $11 Level 7 High 1161 All maskable interrupts are disabled 
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Rewrite the interrupt control register 
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for 
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after 


the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 
FCLR | 
AND.B_ #00h, 0055h 
NOP 
NOP 
FSET | 


Example 2: 
INT_SWITCH2: 
FCLR | 
AND.B  #00h, 0055h 
MOV.W MEM, RO 


FSET | 
Example 3: 
INT_SWITCH3: 
PUSHC FLG 
FCLR | 
AND.B- #00h, 0055h 
POPC FLG 


; Disable interrupts. 


; Clear TAOIC int. priority level and int. request bit. 


; Four NOP instructions are required when using HOLD function. 


; Enable interrupts. 


; Disable interrupts. 


; Clear TAOIC int. priority level and int. request bit. 


; Dummy read. 


; Enable interrupts. 


; Push Flag register onto stack 


; Disable interrupts. 


; Clear TAOIC int. priority level and int. request bit. 


; Enable interrupts. 


The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted 


before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the 


interrupt control register is rewritten due to effects of the instruction queue. 


When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener- 
ated. This will depend on the instruction. If this creates problems, use the below instructions to change 


the register. 
Instructions : AND, OR, BCLR, BSET 
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Interrupt Sequence 
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the 
instant the interrupt routine is executed — is described here. 
If an interrupt occurs during execution of an instruction, the processor determines its priority when the 
execution of the instruction is completed, and transfers control to the interrupt sequence from the next 
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, 
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt 
sequence. 
In the interrupt sequence, the processor carries out the following in sequence given: 


(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad- 
dress 0000016. After this, the corresponding interrupt request bit becomes “0”. 

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt sequence 
in the temporary register (Note) within the CPU. 

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag) to 
“0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32 
through 63, is executed) 

(4) Saves the content of the temporary register (Note) within the CPU in the stack area. 

(5) Saves the content of the program counter (PC) in the stack area. 

(6) Sets the interrupt priority level of the accepted instruction in the IPL. 

After the interrupt sequence is completed, the processor resumes executing instructions from the first 
address of the interrupt routine. 
Note: This register cannot be utilized by the user. 


Interrupt Response Time 
‘Interrupt response time' is the period between the instant an interrupt occurs and the instant the first 
instruction within the interrupt routine has been executed. This time comprises the period from the 
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the 
time required for executing the interrupt sequence (b). Figure 1.10.4 shows the interrupt response time. 


Interrupt request generated _ Interrupt request acknowledged 


Instruction in 
interrupt routine 


Interrupt response time 


(a) Time from interrupt request is generated to when the instruction then under execution is completed. 
(b) Time in which the instruction sequence is executed. 


Figure 1.10.4. Interrupt response time 
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the 
DIVX instruction (without wait). 
Time (b) is as shown in Table 1.10.5. 


Table 1.10.5. Time required for executing the interrupt sequence 


Interrupt vector address| Stack pointer (SP) value 16-Bit bus, without wait 8-Bit bus, without wait 


Even 18 cycles (Note 1) 20 cycles (Note 1) 


Even 19 cycles (Note 1) 20 cycles (Note 1) 


Odd (Note 2) 19 cycles (Note 1) 20 cycles (Note 1) 


Odd (Note 2) 20 cycles (Note 1) 20 cycles (Note 1) 


Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address coincidence 
interrupt or of a single-step interrupt. 
Note 2: Locate an interrupt vector address in an even address, if possible. 


BCLK 


Address bus 60 Indeterminate \ SP-2 \ SP-4 \ vec \ vec2 | PC 


Data bus cee ; \ SP-2 \ SP-4 \ vec jee 
information Indeterminate contents |\contents /\contents /\ contents 


| | \ Indeterminate | | | | 


The indeterminate segment is dependent on the queue buffer. 
If the queue buffer is ready to take an instruction, a read cycle occurs. 


Figure 1.10.5. Time required for executing the interrupt sequence 


Variation of IPL when Interrupt Request is Accepted 
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL. 
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown 
in Table 1.10.6 is set in the IPL. 


Table 1.10.6. Relationship between interrupts without interrupt priority levels and IPL 


Interrupt sources without priority levels Value set in the IPL 


Watchdog timer, NMI 7 
Reset 0 


Other Not changed 
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Saving Registers 


In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter 


(PC) are saved in the stack area. 


First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8 
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the 
program counter. Figure 1.10.6 shows the state of the stack as it was before the acceptance of the 
interrupt request, and the state the stack after the acceptance of the interrupt request. 

Save other necessary registers at the beginning of the interrupt routine using software. Using the 
PUSHM instruction alone can save all the registers except the stack pointer (SP). 


Address Stack area 
MSB 


Content of previous stack | —— 


Content of previous stack 


Stack status before interrupt request 
is acknowledged 


Address 
MSB 


> 


[SP] 

Stack pointer 
value before 
interrupt occurs 


Stack area 


[SP] 
|_<q—_—_ New stack 


Program counter (PC) : 
pointer value 


Program counter (PCm) 


Flag register (FLG.) 


Flag register 
(FLGu) 


Program 
counter (PCx) 


Content of previous stack 


Content of previous stack 


Stack status after interrupt request 
is acknowledged 


Figure 1.10.6. State of stack before and after acceptance of interrupt request 
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the 

content of the stack pointer, at the time of acceptance of an interrupt request, is even or odd. If the 

content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the 

program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at 

atime. Figure 1.10.7 shows the operation of the saving registers. 

Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the stack pointer 
indicated by the U flag. Otherwise, it is the interrupt stack pointer (ISP). 


(1) Stack pointer (SP) contains even number 


Address Stack area Sequence in which order 
registers are saved 


[SP] — 5 (Odd) 


[SP] — 4 (Even) Program counter (PC) 
(2) Saved simultaneously, 


[SP] — 3(Odd) Program counter (PCm) all 16 bits 


[SP] — 2 (Even) Flag register (FLG) 
(1) Saved simultaneously, 


_ Flag register Program all 16 bits 
eel tend) (FLGu) counter (PCx) 


[SP] (Even) 


Finished saving registers 
in two operations. 


(2) Stack pointer (SP) contains odd number 


Address Stack area Sequence in which order 
registers are saved 


[SP] — 5 (Even) 


[SP] — 4(Odd) Program counter (PCL) 


[SP] - 3 (Even) Program counter (PCm) 
Saved simultaneously, 
all 8 bits 


[SP] — 2(Odd) Flag register (FLG) 


= Flag register Program 
Bie cven FLGu) {counter (PCx) 


[SP] (Odd) 


Finished saving registers 
in four operations. 


Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged. 
After registers are saved, the SP content is [SP] minus 4. 


Figure 1.10.7. Operation of saving registers 
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Returning from an Interrupt Routine 
Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register 
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program counter 
(PC), both of which have been saved in the stack area. Then control returns to the program that was being 
executed before the acceptance of the interrupt request, so that the suspended process resumes. 
Return the other registers saved by software within the interrupt routine using the POPM or similar instruc- 
tion before executing the REIT instruction. 


Interrupt Priority 
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking 
whether interrupt requests are made), the interrupt assigned a higher priority is accepted. 
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level 
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher hardware 
priority is accepted. 
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority), 
watchdog timer interrupt, etc. are regulated by hardware. 
Figure 1.10.8 shows the priorities of hardware interrupts. 
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches 
invariably to the interrupt routine. 


Reset > NMI > DBC > Watchdog timer > Peripheral I/O > Single step > Address match 


Figure 1.10.8. Hardware interrupts priorities 


Interrupt resolution circuit 
When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest 
priority level. Figure 1.10.9 shows the circuit that judges the interrupt priority level. 
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Priority level of each interrupt Level 0 (initial value) 


1 


High 
Timer A3 ! 
| Timer B1 | 
| Timer A2 : 
Timer B5 
| UART1 reception ! 
| UART2 reception/ACK : 
| DMA1 
| Serial 1/04 ! 
| Timer AO ! 
UARTO transmission 
| Key input interrupt 
| Serial 1/03 : 


Interrupt enable flag (I flag) 4 Interrupt 

request 

Address match accepted 
Watchdog timer 


DBC 


Priority of peripheral I/O interrupts 
(if priority levels are same) 


CLERK EKER EEK EKG Er fi Ei EEK EERE ERE i Er rR 


Low 


Interrupt request level judgment output 
To clock generating circuit (Fig.1.9.3) 


xX 


NMI 


Reset 


Figure 1.10.9. Maskable interrupts priorities (peripheral I/O interrupts) 
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INT Interrupt 
INTO to INT2 are triggered by the edges of external inputs. The edge polarity is selected using the polarity 
select bit. 


As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge 
by setting “1” in the INTi interrupt polarity switching bit of the interrupt request cause select register 
(035F 16). To select both edges, set the polarity switching bit of the corresponding interrupt control register 
to ‘falling edge’ (“0”). 

Figure 1.10.10 shows the Interrupt request cause select register. 


Interrupt request cause select register 


b7 b6 b5 b4 b3 b2 b1_ b0 


Symbol Address When reset 
IFSR 035Fi6 0016 


IFSRO INTO interrupt polarity 0 : One edge 
switching bit 1 : Two edges 
IFSR1 INT1 interrupt polarity 0 : One edge 
switching bit 1 : Two edges 
IFSR2 INT2 interrupt polarity 0 : One edge 
switching bit 1 : Two edges 
IFSR3 INT3 interrupt po aay 0: One edge 
switching bit (Note 1 : Two edges 
IFSR4 INT4 interrupt po ay 0 : One edge 
switching bit (Note 1 : Two edges 


IFSR5 INT5 interrupt polarity 0: One edge 
switching bit (Note 1) 1: Two edges 


IFSR6 Interrupt request cause o SlO3 
select bit > INT4 
IFSR7 Interrupt request cause ie SlO4 
select bit DINT5 


Note 1: INT3 to INT5 interrupts cannot be used in M16C/62 (80-pin version) group. Thus, 
the setting value of these bits are invalid. 
Note 2: INT3 to INT5 interrupts cannot be used in M16C/62 (80-pin version) group. 


Figure 1.10.10. Interrupt request cause select register 
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NMI Interrupt 
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt 
is anon-maskable external interrupt. The pin level can be checked in the port P85 register (bit 5 at address 
03F016). 
This pin cannot be used as a normal port input. 


Key Input Interrupt 
If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key 
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel- 
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to 
P107 as A-D input ports. Figure 1.10.11 shows the block diagram of the key input interrupt. Note that if an 
“L” level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as 
an interrupt. 


Port P104-P107 pull-up 


oO select bit 
Pull-up Key input interrupt control register | (address 004D16) 
transistor Port P107 direction 


register 


Port P107 direction register 


P107/KIs_ ©Q—+ 


Pull-up Port P106 direction 
transistor register 


ie Key input interrupt 


Pull-up 
transistor 


Port P105 direction 
register 


P105/KI1. O a 


register 


transistor 
P104/Klo O—t- —f 


| Pull-up | Port P104 direction 


Figure 1.10.11. Block diagram of key input interrupt 
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Address Match Interrupt 


An address match interrupt is generated when the address match interrupt address register contents match 
the program counter value. Two address match interrupts can be set, each of which can be enabled and 
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter- 
rupt enable flag (I flag) and processor interrupt priority level (IPL). The value of the program counter (PC) 
for an address match interrupt varies depending on the instruction being executed. 

Figure 1.10.12 shows the address match interrupt-related registers. 


Address match interrupt enable register 


Bi ibe: BS Pa, ibs sb Pie 00 Symbol Address When reset 


AIER 000916 XXXXXX002 


Bi symbol AW 
Address match interrupt0 | Q : Interrupt disabled 
enable bit | 4 : Interrupt enabled 
Address match interrupt 1 0 : Interrupt disabled 
enable bit | 1 : Interrupt enabled 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to 
be indeterminated. 


Address match interrupt register i (i = 0, 1) 


(b19) (b16)(b15) (b8) 


Symbol Address When reset 
b3 bO b7 bO b7 


RMADO 001216 to 001016 X0000016 
RMAD1 001616 to 001416 X0000016 


Address setting register for address match interrupt 0000016 to FFFFF16 loo 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to 
be indeterminated. 


Figure 1.10.12. Address match interrupt-related registers 
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Precautions for Interrupts 
(1) Reading address 0000016 


* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and 
interrupt request level) in the interrupt sequence. 
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “O”. 
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “O”. 
Though the interrupt is generated, the interrupt routine may not be executed. 
Do not read address 0000016 by software. 
(2) Setting the stack pointer 
¢ The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt 
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in 
the stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point 
at the beginning of a program. Concerning the first instruction immediately after reset, generating any 
interrupts including the NMI interrupt is prohibited. 
(3) The NMI interrupt 


*The NMI interrupt can not be disabled. Be sure to connect NMI pin to Vcc via a pull-up resistor if 
unused. 

* The NMI pin also serves as P85, which is exclusively input. Reading the contents of the P8 register 
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time 
when the NMI interrupt is input. 

* Do not reset the CPU with the input to the NMI pin being in the “L” state. 

* Do not attempt to go into stop mode with the input to the NMI pin being in the “L” state. With the input to 
the NMI being in the “L” state, the CM10 is fixed to “0”, so attempting to go into stop mode is turned 
down. 

* Do not attempt to go into wait mode with the input to the NMI pin being in the “L” state. With the input to 
the NMI pin being in the “L” state, the CPU stops but the oscillation does not stop, so no power is saved. 
In this instance, the CPU is returned to the normal state by a later interrupt. 

* Signals input to the NMI pin require an “L” level of 1 clock or more, from the operation clock of the CPU. 

(4) External interrupt 


¢ Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTO to 
INT2 regardless of the CPU operation clock. 

* When the polarity of the INTO to INT2 pins is changed, the interrupt request bit is sometimes set to “1”. 
After changing the polarity, set the interrupt request bit to “O”. Figure 1.10.13 shows the procedure for 
changing the INT interrupt generate factor. 
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Clear the interrupt enable flag to “O” 
(Disable interrupt) 


Set the interrupt priority level to level 0 
(Disable INTi interrupt) 


Set the polarity select bit 


Clear the interrupt request bit to “O” 


Set the interrupt priority level to level 1 to 7 
(Enable the accepting of INTi interrupt request) 


Set the interrupt enable flag to “1” 
(Enable interrupt) 


Figure 1.10.13. Switching condition of INT interrupt request 


(5) Rewrite the interrupt control register 
¢ To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for 
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after 
the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 
FCLR | ; Disable interrupts. 
AND.B- #00h, 0055h_; Clear TAOIC int. priority level and int. request bit. 
NOP ; Four NOP instructions are required when using HOLD function. 
NOP 
FSET | ; Enable interrupts. 
Example 2: 
INT_SWITCH2: 
FCLR | ; Disable interrupts. 
AND.B #00h, 0055h_‘; Clear TAOIC int. priority level and int. request bit. 
MOV.W MEM, RO ; Dummy read. 
FSET | ; Enable interrupts. 
Example 3: 
INT_SWITCHS: 
PUSHC FLG ; Push Flag register onto stack 
FCLR | ; Disable interrupts. 
AND.B- #00h, 0055h_‘; Clear TAOIC int. priority level and int. request bit. 
POPC FLG ; Enable interrupts. 


The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted 
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the 
interrupt control register is rewritten due to effects of the instruction queue. 


¢ When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the 
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener- 
ated. This will depend on the instruction. If this creates problems, use the below instructions to change 
the register. 
Instructions : AND, OR, BCLR, BSET 
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Watchdog Timer 


The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is 
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog 
timer interrupt is generated when an underflow occurs in the watchdog timer. When XIN is selected for the 
BCLK, bit 7 of the watchdog timer control register (address OOOF 16) selects the prescaler division ratio (by 
16 or by 128). When XCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7 
of the watchdog timer control register (address 000F 16). Thus the watchdog timer's period can be calcu- 
lated as given below. The watchdog timer's period is, however, subject to an error due to the pre-scaler. 


With XIN chosen for BCLK 


pre-scaler dividing ratio (16 or 128) X watchdog timer count (32768) 
BCLK 


Watchdog timer period = 


With XcIN chosen for BCLK 
pre-scaler dividing ratio (2) X watchdog timer count (32768) 
BCLK 


Watchdog timer period = 


For example, suppose that BCLK runs at 16 MHz and that 16 has been chosen for the dividing ratio of the 
pre-scaler, then the watchdog timer's period becomes approximately 32.8 ms. 


The watchdog timer is initialized by writing to the watchdog timer start register (address OOOE16) and when 
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is 
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by 
writing to the watchdog timer start register (address O00E16). 

Figure 1.11.1 shows the block diagram of the watchdog timer. Figure 1.11.2 shows the watchdog timer- 
related registers. 


Prescaler 


Watchdog timer 
interrupt request 


Watchdog timer }#—@e——> 


Write to the watchdog timer 
start register ——_—_—_4J Set t 
(address 000E16) EERIE: 


RESET —_—_—_d>—_} 


Figure 1.11.1. Block diagram of watchdog timer 
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Watchdog timer control register 


b7 b6 bd b4 b3 b2 bil 
Symbol Address When reset 
Tool TLL WDC O00F 16 O0OXXXXxX2 


High-order bit of watchdog timer 


Reserved bit Must always be set to “0” es 
Reserved bit Must always be set to “0” jo1o 


WDC7 Prescaler select bit 0 : Divided by 16 
1 : Divided by 128 


Watchdog timer start register 


be bo Symbol Address When reset 


LY WDTS O00E16 Indeterminate 


Function 


The watchdog timer is initialized and starts counting after a write instruction to 
this register. The watchdog timer value is always initialized to “7FFF16” 
regardless of whatever value is written. 


Figure 1.11.2. Watchdog timer control and start registers 
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This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent to 
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a 
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this 
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16- 
bit) or 1-byte (8-bit) data transfer can be performed at high speed. Figure 1.12.1 shows the block diagram 
of the DMAC. Table 1.12.1 shows the DMAC specifications. Figures 1.12.2 to 1.12.4 show the registers 
used by the DMAC. 


Address bus 


DMAO source pointer SARO(20) > 
eer (addresses 002216 to 002016) 
DMAO destination pointer DARO (20 


VR VICIICCUCTELO) 
> 


(20) 
DMAO forward address pointer (20) (Note) 


DMAO transfer counter reload register TCRO (16) i 


DWAT source poinerSART@H————~i 
(Fiatessos ene ooasi ||| [" TT aatressosonsaio ong | 
DMAO transfer counter TCRO (16) > 
Y__csressonr eo 
DMA‘ transfer counter reload register TCR1 (16) = DMA‘1 forward address pointer (20) (Note) > 
U etessos 005s, 00885) | 
DMA1 transfer counter TCR1 (16) > DMA latch low-order bits 


= 


Note: Pointer is incremented by a DMA request. 


Data bus low-order bits 


Data bus high-order bits 


Figure 1.12.1. Block diagram of DMAC 


Either a write signal to the software DMA request bit or an interrupt request signal is used as a DMA transfer 
request signal. But the DMA transfer is affected neither by the interrupt enable flag (I flag) nor by the 
interrupt priority level. The DMA transfer doesn't affect any interrupts either. 

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request 
signal occurs. If the cycle of the occurrences of DMA transfer request signals is higher than the DMA 
transfer cycle, there can be instances in which the number of transfer requests doesn't agree with the 
number of transfers. For details, see the description of the DMA request bit. 


¢ MITSUBISHI 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
DMAG SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Table 1.12.1. DMAC specifications 


Item Specification 


No. of channels 2 (cycle steal method) 
Transfer memory space «From any address in the 1M bytes space to a fixed address 
«From a fixed address to any address in the 1M bytes space 
«From a fixed address to a fixed address 
(Note that DMA-related registers [002016 to 003F 16] cannot be accessed) 
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers) 


DMA request factors (Note) Falling edge of INTO or INT1, or both edge 
Timer AO to timer A4 interrupt requests 
Timer BO to timer B5 interrupt requests 
UARTO transfer and reception interrupt requests 
UART1 transfer and reception interrupt requests 
UART2 transfer and reception interrupt requests 
Serial 1/O3, 4 interrpt requests 
A-D conversion interrupt requests 
Software triggers 
Channel priority DMAO takes precedence if DMAO and DMA1 requests are generated simultaneously 
Transfer unit 8 bits or 16 bits 
Transfer address direction forward/fixed (forward direction cannot be specified for both source and 
destination simultaneously) 
Transfer mode * Single transfer mode 
After the transfer counter underflows, the DMA enable bit turns to 
“OQ”, and the DMAC turns inactive 
« Repeat transfer mode 
After the transfer counter underflows, the value of the transfer counter 
reload register is reloaded to the transfer counter. 
The DMAC remains active unless a “0” is written to the DMA enable bit. 
DMA interrupt request generation timing | When an underflow occurs in the transfer counter 
Active When the DMA enable bit is set to “1”, the DMAC is active. 
When the DMAC is active, data transfer starts every time a DMA 
transfer request signal occurs. 
Inactive * When the DMA enable bit is set to “0”, the DMAC is inactive. 
* After the transfer counter underflows in single transfer mode 
Forward address pointer and At the time of starting data transfer immediately after turning the DMAC active, the 
reload timing for transfer value of one of source pointer and destination pointer - the one specified for the 
forward direction - is reloaded to the forward direction address pointer,and the value 
of the transfer counter reload register is reloaded to the transfer counter. 
Writing to register Registers specified for forward direction transfer are always write enabled. 
Registers specified for fixed address transfer are write-enabled when 
the DMA enable bit is “0”. 
Reading the register Can be read at any time. 
However, when the DMA enable bit is “1”, reading the register set up as the 
forward register is the same as reading the value of the forward address pointer. 
Note: DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the interrupt enable 


flag (I flag) nor by the interrupt priority level. 


counter 
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DMAO request cause select register 


b7 b6 bS b4 b3 b2 bi b0 Symbol Address When reset 
DMOSL 03B816 0016 


DMA request cause be beiba:bo = 
DSELO select bit : Falling edge of INTO pin 
: Software trigger 
: Timer AO 
: Timer A1 
: Timer A2 
: Timer A3 
: Timer A4 (DMS=0) 
/two edges of INTO pin (DMS=1) 
: Timer BO (DMS=0) 
Timer B3 (DMS=1) 
: Timer B1 (DMS=0) 
Timer B4 (DMS=1) 
: Timer B2 (DMS=0) 
Timer B5 (DMS=1) 
: UARTO transmit 


: UART2 receive 
: A-D conversion 
: VART1 transmit 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “O”. 


DMA request cause a Normal 
expansion bit : Expanded cause 


Software DMA If software trigger is selected, a 
request bit DMA request is generated by 
setting this bit to “1” (When read, 
the value of this bit is always “O”) 


: UARTO receive ee 
: VART2 transmit ee 


Figure 1.12.2. DMAC register (1) 
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DMA1 request cause select register 


b7 b6 b5 b4 b3 b2 bi bO Symbol Address When reset 


al DM1SL 03BAt6 0016 
rents RW 


DMA request cause pS Pe DIDO = 
DSELO select bit 0000: Falling edge of INT1 pin 
: Software trigger 
: Timer AO 
: Timer A1 
: Timer A2 
: Timer A3(DMS=0) 
/serial 1/03 (DMS=1) 
: Timer A4 (DMS=0) 
/serial 1/04 (DMS=1) 
: Timer BO (DMS=0) 
/two edges of INT1 (DMS=1) 
: Timer B1 
: Timer B2 
: UARTO transmit 
: UARTO receive 
: UART2 transmit 
: UART2 receive 
: A-D conversion 
: UART1 receive 


|=4343-34c0o00 
=300-=00 
=-o-0O+-0+-0 


Nothing is assigned. 
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. 


Software DMA If software trigger is selected, a 

request bit DMA request is generated by 
setting this bit to “1” (When read, 
the value of this bit is always “O”) 


DMAi control register 


b7__b6 b5 b4 b3 b2 bit b0 Symbol Address When reset 


lili ls Reslllcdlet| DMiCON(i=0,1) 002C16, 003C16 00000X002 


DMBIT Transfer unit bit select bit is 16 bits 
: 8 bits 
DMASL Repeat transfer mode . : Single transfer 
select bit : Repeat transfer 
DMA DMA request bit (Note 1) | 0 : DMA not requested 0! 
Poms [omer 9 : DMA requested 2 
DMAE DMA enable bit : Disabled 
: Enabled 
Source address direction o Fixed 
DSD select bit (Note 3) : Forward 
DAD Destination address Fixed 
direction select bit (Note 3) : Forward 


Nothing is assigned. 
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “O”. 


Note 1: DMA request can be cleared by resetting the bit. 

Note 2: This bit can only be set to “O”. 

Note 3: Source address direction select bit and destination address direction select bit 
cannot be set to “1” simultaneously. 


Figure 1.12.3. DMAC register (2) 
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DMAi source pointer (i = 0, 1) 


(b19) (b16)(b15) 
b3 b0_b7 bo Symbol Address When reset 


' SARO 002216 to 002016 Indeterminate 


! : SAR1 003216 to 003016 Indeterminate 


: Transfer count t 
* Source pointer 
FFFFF oo 
Stores the source address fee = 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “O”. 


DMAi destination pointer (i = 0, 1) 


(b23) (b19) (b16)(b15) 
b7 a Suse pO Symbol Address When reset 
DARO 002616 to 002416 Indeterminate 


DAR1 003616 to 003416 Indeterminate 
: Transfer count ; 
¢ Destination pointer 0000016 to FFFFF16 
Stores the destination address 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “O”. 


DMAi transfer counter (i = 0, 1) 


(b15) (b8) 
b7 
Address When reset 


002916, 002816 Indeterminate 
003916, 003816 Indeterminate 


Transfer count 


Function specification 


* Transfer counter 


Set a value one less than the transfer count 000016 to FFFF16 


Figure 1.12.4. DMAC register (3) 
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(1) Transfer cycle 
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area 
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination 
write). The number of read and write bus cycles depends on the source and destination addresses. In 
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de- 
pends on the level of the BYTE pin. Also, the bus cycle itself is longer when software waits are inserted. 


(a) Effect of source and destination addresses 
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd 
addresses, there are one more source read cycle and destination write cycle than when the source 
and destination both start at even addresses. 


(b) Effect of software wait 
When the SFR area or a memory area with a software wait is accessed, the number of cycles is 
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK. 


Figure 1.12.5 shows the example of the transfer cycles for a source read. For convenience, the destina- 
tion write cycle is shown as one cycle and the source read cycles for the different conditions are shown. 
In reality, the destination write cycle is subject to the same conditions as the source read cycle, with the 
transfer cycle changing accordingly. When calculating the transfer cycle, remember to apply the respec- 
tive conditions to both the destination write cycle and the source read cycle. For example (2) in Figure 
1.12.5, if data is being transferred in 16-bit units on an 8-bit bus, two bus cycles are required for both the 
source read cycle and the destination write cycle. 
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(1) 8-bit transfers 
16-bit transfers from even address and the source address is even. 


« TLELILIU Lin 


Address Dumm 
bus Source XDestination cycle 


RD signal 


WR signal 
Data am 2 
bus CPU use > Source Npestnaton) ¢ 


(2) 16-bit transfers and the source address is odd 
Transferring 16-bit data on an 8-bit data bus (In this case, there are also two destination write cycles). 


ee || | | |_| 


Address 


bus CPU use CPU use 


RD signal 


WR signal 


Data fare 
a CPU use Source YSource + 1 Destination ae CPU use 


(3) One wait is inserted into the source read under the conditions in (1) 


bee Ne dads TD La ML EL ta ole eal] 


Address 
bus 


CPU use Source Destination B CPU use 


RD signal 


WR signal 
Data ee \ Dummy \ 
bus CPU use X Source Noes cycle CPU use 


(4) One wait is inserted into the source read under the conditions in (2) 
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles). 


ae | | | | fell dP ae) 


Address 
bus 


CPU use Source Source + 1 oye CPU use 


RD signal 


WR signal 


Data 
bus CPU use Source 


Note: The same timing changes occur with the respective conditions at the destination as at the source. 


Figure 1.12.5. Example of the transfer cycles for a source read 
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(2) DMAC transfer cycles 


Any combination of even or odd transfer read and write addresses is possible. Table 1.12.2 shows the 
number of DMAC transfer cycles. 
The number of DMAC transfer cycles can be calculated as follows: 


No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k 


Table 1.12.2. No. of DMAC transfer cycles 


Single-chip mode 
Transfer unit Bus width Access address No. of read cycles No. of write cycles 
8-bit transfers 16-bit Even 1 1 


(DMBIT= “1”) (BYTE= “L”) Odd 1 1 
16-bit transfers 16-bit Even 1 1 
(DMBIT= “0”) (BYTE = “L”) Odd 2 2 


Coefficient j, k 


Internal memory 


Internal ROM/RAM | Internal ROM/RAM | SFR area 


No wait With wait 
1 2 
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DMA enable bit 


Setting the DMA enable bit to "1" makes the DMAC active. The DMAC carries out the following operations 
at the time data transfer starts immediately after DMAC is turned active. 
(1) Reloads the value of one of the source pointer and the destination pointer - the one specified for the 
forward direction - to the forward direction address pointer. 
(2) Reloads the value of the transfer counter reload register to the transfer counter. 
Thus overwriting "1" to the DMA enable bit with the DMAC being active carries out the operations given 
above, so the DMAC operates again from the initial state at the instant "1" is overwritten to the DMA 
enable bit. 
DMA request bit 
The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of 
DMA request factors for each channel. 
DMA request factors include the following. 
* Factors effected by using the interrupt request signals from the built-in peripheral functions and software 
DMA factors (internal factors) effected by a program. 
* External factors effected by utilizing the input from external interrupt signals. 
For the selection of DMA request factors, see the descriptions of the DMAi factor selection register. 
The DMA request bit turns to "1" if the DMA transfer request signal occurs regardless of the DMAC's state 
(regardless of whether the DMA enable bit is set "1" or to "0"). It turns to "0" immediately before data 
transfer starts. 
In addition, it can be set to "0" by use of a program, but cannot be set to "1". 
There can be instances in which a change in DMA request factor selection bit causes the DMA request bit 
to turn to "1". So be sure to set the DMA request bit to "0" after the DMA request factor selection bit is 
changed. 
The DMA request bit turns to "1" if a DMA transfer request signal occurs, and turns to "0" immediately 
before data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the 
DMA request bit, if read by use of a program, turns out to be "0" in most cases. To examine whether the 
DMAC is active, read the DMA enable bit. 
Here follows the timing of changes in the DMA request bit. 
(1) Internal factors 
Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to "1" 
due to an internal factor is the same as the timing for the interrupt request bit of the interrupt control 
register to turn to "1" due to several factors. 
Turning the DMA request bit to "1" due to an internal factor is timed to be effected immediately before 
the transfer starts. 
(2) External factors 
An external factor is a factor caused to occur by the leading edge of input from the INTi pin (i depends 
on which DMAC channel is used). 
Selecting the INTi pins as external factors using the DMA request factor selection bit causes input 
from these pins to become the DMA transfer request signals. 
The timing for the DMA request bit to turn to "1" when an external factor is selected synchronizes with 
the signal's edge applicable to the function specified by the DMA request factor selection bit (synchro- 
nizes with the trailing edge of the input signal to each INTi pin, for example). 
With an external factor selected, the DMA request bit is timed to turn to "0" immediately before data 
transfer starts similarly to the state in which an internal factor is selected. 
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(3) The priorities of channels and DMA transfer timing 
If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period 
from the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels 
concurrently turn to "1". If the channels are active at that moment, DMAO is given a high priority to start 
data transfer. When DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU 
finishes single bus access, then DMA1 starts data transfer and gives the bus right to the CPU. 
An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer 
request signals due to external factors concurrently occur. 
Figure 1.12.6 An example of DMA transfer effected by external factors. 


An example in which DMA transmission is carried out in minimum 
cycles at the time when DMA transmission request signals due to 
external factors concurrently occur. 


BCLK 


DMAO 


DMAt ! : : : : ) ! Obtainm 
ad ot ae ent of the 


CPU , . - : : : , bus right 


INTO 


DMAO 
request bit 


INT1 


DMA1 
request bit 


Figure 1.12.6. An example of DMA transfer effected by external factors 
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Timer 
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B 
(six). All these timers function independently. Figures 1.13.1 and 1.13.2 show the block diagram of timers. 


Clock prescaler 


ft Xcin CC} 1/32 fc32 
Reset 
ue I mre Clock prescaler reset flag (bit 7 Zz 
1/4 wm {32 at address 038116) set to “1” 


ft fs £32 fc32 


* Timer mode 
* One-shot mode 
* PWM mode 


mo 
Noise 


filter « Event counter mode 


Timer AO interrupt 


* Timer mode 
* One-shot mode 


: 


* Event counter mode 


Timer A1 interrupt 


* Timer mode 
* One-shot mode 


* Event counter mode 


Timer A2 interrupt 


* Timer mode 
* One-shot mode 


* PWM mode 
iN Timer A3 interrupt 
: Timer A3 
Noise 
filter 


+ Event counter mode 


* Timer mode 
* One-shot mode 


* PWM mode 
a Timer A4 interrupt 
, ° 
Noise 


filter + Event counter mode 


Timer B2 overflow 


Note 1: The TAOIN pin (P71) is shared with RxD2, SCL and the TBSIN pin, so be careful. 
Note 2: Timer A1 and A2 have no pin to perform input/output. Thus I/O functions like as external event input, PWM output 
and one-shot output cannot be used. 


Figure 1.13.1. Timer A block diagram 
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Clock prescaler 
1/32 


! Reset 
[ ve | /8 i@ me Gicck prescaler reset flag (bit 7 " 
fg2 at address 038116) set to “1” 


Timer A 
t 


XIN ©) 


fi f8 f32 fc32 


* Timer mode 
* Pulse width measuring mode 


* Event counter mode 


—— 


n ais mode Timer B1 interrupt 
° 


« Event counter mode 


Timer BO interrupt 


+ Timer mode 
+ Pulse width measuring mode Timer B2 interrupt 


Noise i 
filter Timer B2 


¢ Event counter mode 


+ Timer mode 
+ Pulse width measuring mode Timer B3 interrupt 


Noise i 
filter Timer B3 


« Event counter mode 


* Timer mode 
+ Pulse width measuring mode Timer B4 interrupt 


Noi é 
re4n © = 


« Event counter mode 


* Timer mode 
+ Pulse width measuring mode Timer B5 interrupt 


* Event counter mode 


Note 1: The TBSIN pin (P71) is shared with RxD2, SCL and the TAOIN pin, so be careful. 
Note 2: TB1IN pin is not connect to outside. Thus, timer B1 can use neither in external event count mode or 
pulse width measurement mode. 


Figure 1.13.2. Timer B block diagram 


y MITSUBISHI 69 
ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Timer A SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Timer A 


Figure 1.13.3 shows the block diagram of timer A. Figures 1.13.4 to 1.13.6 show the timer A-related registers. 
Except in event counter mode, timers AO through A4 all have the same function. However, in M16C/62 (80- 
pin version) group, timer A1 and A2 are used for internal timer since timer A1 and A2 have no pin to perform 
input/output. Use the timer Ai mode register (i = 0 to 4) bits O and 1 to choose the desired mode. 
Timer A has the four operation modes listed as follows: 

¢ Timer mode: The timer counts an internal count source. 

« Event counter mode: The timer counts pulses from an external source or a timer over flow. 

* One-shot timer mode: The timer stops counting when the count reaches “000016”. 

« Pulse width modulation (PWM) mode: The timer outputs pulses of a given width. 


Data bus high-order bits 
Clock source 


selection Timer 


fi ——o : ee Low-order High-order 
fg ——o 8 bits 8 bits 


f32 ——o 0 ° Timer 
(gate function) 


¢ Event counter 


Counter (16) 
TAin Clock selection Up count/down count 


fetes Count start flag [meen comcote | 


(Address 038016) 


TAi Addresses TAj TAk 
TB2 overflow ——————O Down count —-O Timer AO 038716 038616 Timer A4 Timer At 
Timer A1 038916 038816 TimerAO Timer A2 


External Up/down fla 
TA overflow trigger Dp. g O Timer A2 038Bis 038A16 Timer At Timer A3 


ak Timer A3 038D16 038C16 Timer A2 Timer Ad 
(j=i-1. Note, however, that j = 4 when i = 0) (Address 038416) fe) TimerAd 038F1s O38E18 Timer A3_ Timer AO 


TAk overflow _——————O 
(k =i +1. Note, however, that k = 0 when i = 4) 


TAiout Pulse output 
(i = 0 to 4) 


Toggle flip-flop 


Note 1: The TAOIN pin (P71) is shared with RxD2, SCL and the TBS5IN pin, so be careful. 
Note 2: TA1IN, TA10UT, TA2IN and TA2ouT do not connect to outside. Do not set functions using these pins. 


Figure 1.13.3. Block diagram of timer A 


Timer Ai mode register 


Symbol Address When reset 
A EN oe TAiMR(i=0 to 4) 039616 to O39A16 0016 


Bit symbol 


Operation mode select bit ‘Timerimode 


: Event counter mode 

: One-shot timer mode 

: Pulse width modulation 
(PWM) mode 


Count source select bit 


(Function varies with each operation mode) 


Figure 1.13.4. Timer A-related registers (1) 
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Timer Ai register (Note) 


is Address When reset 

b0 b7 038716,038616 Indeterminate 
038916,038816 Indeterminate 
038B16,038A16 Indeterminate 
038D16,038C16 Indeterminate 
038F16,038E16 Indeterminate 


Function Values that can be set 


* Timer mode 000016 to FFFF16 ° Oo 
Counts an internal count source 

+ Event counter mode 000016 to FFFF16 | 
Counts pulses from an external source or timer overflow ove) 


* One-shot timer mode 000016 to FFFF16 
Counts a one shot width 


+ Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 
Functions as a 16-bit pulse width modulator 


* Pulse width modulation mode (8-bit PWM) 0016 to FE16 
Timer low-order address functions as an 8-bit (Both high-order 
prescaler and high-order address functions as an 8-bit and low-order 
pulse width modulator addresses) 


Note: Read and write data in 16-bit units. 


Count start flag 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 
TABSR 038016 0016 


TA1S | Timer At count start flag | 1 : Starts counting 


TBOS Timer BO count start flag 
TB1S Timer B1 count start flag 


TB2S Timer B2 count start flag 


Up/down flag 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 
UDF 038416 0016 


TAOUD = {Timer AO up/down flag 0 : Down count 
1: Up count 
TA1UD —|Timer A1 up/down flag 
TA2UD This specification becomes valid 
Timer A2 up/down flag when the up/down flag content is 
TA3UD —_|Timer A3 up/down flag ae for up/down switching 
TA4UD _ {Timer A4 up/down flag 


TA2P | Timer A2 two-phase pulser} 0 : two-phase pulse signal 


signal processing select bit processing disabled 
: two-phase pulse signal 


TA3P Timer A3 two-phase pulse processing enabled 
signal processing select bit 


- When not using the two-phase 
TA4P | Timer A4 two-phase pulse | pulse signal processing function, 
signal processing select bit | set the select bit to “0” 


Note: Since timer A2 have no pin to perform input/output, must set "0" in this bit. 


Figure 1.13.5. Timer A-related registers (2) 
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One-shot start flag 
Symbol Address When reset 
7e sbGr :bo sha bes be: +t ONSF 038216 00x000002 


When read, the value is “0” 
TA2OS _ | Timer A2 one-shot start flag 


Nothing is assigned. In an attempt to write to these bits, write “O”. The value, if read, 
turns out to be indeterminate. 


TAOTGL | Timer AO event/trigger 
select bit : Input on TAOIN is selected (Note) 


: TB2 overflow is selected 
TAOTGH : TA4 overflow is selected 
: TA1 overflow is selected 


Note: Set the corresponding port direction register to “O”. 


Trigger select register 


b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset 
TRGSR 038316 0016 


Bit symbol Bit name Function 
Timer A1 event/trigger 
iA pai tieg se - Input on TAMIN is selected (Notet,2) 
: TB2 overflow is selected 
TAITGH : TAO overflow is selected 
: TA2 overflow is selected 


Timer A2 event/trigger 
ert select bit : Input on TA2IN is selected (Note1,2) 
: TB2 overflow is selected 
TA2TGH : TA1 overflow is selected 
: TA3 overflow is selected 


Timer A3 event/trigger 
TASTGL select bit 99 : Input on TA3IN is selected (Note1) 


: TB2 overflow is selected 
TA3TGH : TA2 overflow is selected 
: TA4 overflow is selected 


TA4TGL | Timer A4 event/trigger 


select bit : Input on TA4IN is selected (Note1) 


: TB2 overflow is selected 
TA4TGH : TA3 overflow is selected 
: TAO overflow is selected 


Note 1: Set the corresponding port direction register to “O”. 
Note 2: Since TA1IN and TA2IN are not connected to external pin, do not select these 
functions. 
Clock prescaler reset flag 


7 bern bs: BA D9. ibe 3b. .b0 Symbol Address When reset 
1 XXX xX Kx] CPSRF 038116 OXXXXXXX2 


Bieymbol| __Bitrame +. _———~Funelon—=*zrR 


Nothing is assigned. In an attempt to write to these bits, write “O”. The value, if read, Ea 


Ra ar Bie etoneyanee 


turns out to be indeterminate. 


0: No effect 
1: Prescaler is reset 
(When read, the value is “O”) 


Clock prescaler reset flag 


Figure 1.13.6. Timer A-related registers (3) 
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(1) Timer mode 


In this mode, the timer counts an internally generated count source. (See Table 1.13.1.) Figure 1.13.7 
shows the timer Ai mode register in timer mode. 


Table 1.13.1. Specifications of timer mode 


Item Specification 


Count source 


f1, f8, f32, fc32 


Count operation 


¢ Down count 
« When the timer underflows, it reloads the reload register contents before continuing counting 


Divide ratio 


1/(n+1) n: Set value 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


When the timer underflows 


TAIIN pin function 


Programmable I/O port or gate input 


TAIOUT pin function 


Programmable I/O port or pulse output 


Read from timer 


Count value can be read out by reading timer Ai register 


Write to timer 


« When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Select function 


* Gate function 

Counting can be started and stopped by the TAiIN pin’s input signal 
« Pulse output function 

Each time the timer underflows, the TAiOUT pin’s polarity is reversed 


Note: Timer A1 and A2 do not have I/O port (TAiIN and TAiOUT). 


Timer Ai mode register 


b7 b6 bS b4 b3 b2 b1 b0 


Symbol Address When reset 


0} 0 


TAiMR(i=0 to 4) 039616 to O39A16 0016 


Function 


Operation mode bt bO 
cient bit 00: Timer mode 


Pulse output function 


0: Pulse is not output 
select bit (Note 4) 


(TAiOUT pin is a normal port pin) 
1: Pulse is output (Note 1) 
(TAioUT pin is a pulse output pin) 


Gate function select bit 


(Note 4) 0 X (Note 2): Gate function not available ro} O 


(TAIN pin is a normal port pin) 
10: Timer counts only when TAIiIN pin is 
held “L” (Note 3) 
1 1: Timer counts only when TAiIN pin is ° @) 
held “H” (Note 3) 


Note 1: The settings of the corresponding port register and port direction register 
are invalid. 

Note 2: The bit can be “0” or “1”. 

Note 3: Set the corresponding port direction register to “O”. 

Note 4: Set these bits "0" in timer A1 and A2 mode registers. 


Figure 1.13.7. Timer Ai mode register in timer mode 
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(2) Event counter mode 
In this mode, the timer counts an external signal or an internal timer’s overflow. Timers AO and A1 can 
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase 
external signal. Table 1.13.2 lists timer specifications when counting a single-phase external signal. 
Figure 1.13.8 shows the timer Ai mode register in event counter mode. 
Table 1.13.3 lists timer specifications when counting a two-phase external signal. Figure 1.13.9 shows 
the timer Ai mode register in event counter mode. 


Table 1.13.2. Timer specifications in event counter mode (when not processing two-phase pulse signal) 
Count source External signals input to TAIIN pin (effective edge can be selected by software) 
TB2 overflow, TAj overflow 
Count operation Up count or down count can be selected by external signal or software 
When the timer overflows or underflows, it reloads the reload register con 
tents before continuing counting (Note) 
Divide ratio 1/ (FFFF16 - n+ 1) for up count 
1/(n + 1) for down count n: Set value 
Count start condition Count start flag is set (= 1) 
Count stop condition Count start flag is reset (= 0) 
Interrupt request generation timing | The timer overflows or underflows 
TAIIN pin function Programmable I/O port or count source input 
TAiOUT pin function Programmable I/O port, pulse output, or up/down count select input 
Read from timer Count value can be read out by reading timer Ai register 
Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 
Select function ¢ Free-run count function 
Even when the timer overflows or underflows, the reload register content is not reloaded to it 
« Pulse output function 
Each time the timer overflows or underflows, the TAIOUT pin’s polarity is reversed 
Note 1: This does not apply when the free-run function is selected. 
Note 2: Timer A1 and A2 do not have I/O port (TAiIN and TAiouT). 


Timer Ai mode register 


b7 b6 b5 b4 b3 b2 bi b0O 


Symbol Address When reset 
| 0] 0] 1 | TAiMR(i=0,1) 039616, 039716 0016 


Bit symbol Bit name Function 


TMODO __| Operation mode select bit | °'®° 
01 : Event counter mode (Note 1) 


Pulse output function 0 : Pulse is not output 
select bit (TAiOUT pin is a normal port pin) 
(Note 5) | 1 : Pulse is output (Note 2) 
(TAiOUT pin is a pulse output pin) 


Count polarity 0 : Counts external signal's falli 
: i gnal's falling edge 
select bit (Note 3,5) 1 : Counts external signal's rising edge 


Up/down switching 0 : Up/down flag's content 
cause select bit 1 : TAiouT pin's input signal (Note 4) 


0 (Must always be fixed to “0” in event counter mode) 


Count operation type 0 : Reload type 
select bit 1: Free-run type 


Invalid in event counter mode 
Can be “0” or “1” 


Note 1: In event counter mode, the count source is selected by the event / trigger select bit 
(addresses 038216 and 038316). 

Note 2: The settings of the corresponding port register and port direction register are invalid. 

Note 3: Valid only when counting an external signal. 

Note 4: When an “L” signal is input to the TAiouT pin, the downcount is activated. When “H”, 
the upcount is activated. Set the corresponding port direction register to “O”. 

Note 5: Set these bits "0" in timer A1 and A2 mode registers. 


Figure 1.13.8. Timer Ai mode register in event counter mode 
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Table 1.13.3. Timer specifications in event counter mode (when processing two-phase pulse signal with timers A2, A3, and A4) 
Count source ¢ Two-phase pulse signals input to TAiIN or TAiOUT pin 
Count operation ¢ Up count or down count can be selected by two-phase pulse signal 
« When the timer overflows or underflows, the reload register content is 
reloaded and the timer starts over again (Note) 
Divide ratio 1/ (FFFF16 -n+ 1) for up count 
1/ (n + 1) for down count n: Set value 
Count start condition Count start flag is set (= 1) 
Count stop condition Count start flag is reset (= 0) 
Interrupt request generation timing | Timer overflows or underflows 
TAIIN pin function Two-phase pulse input 
TAiOUT pin function Two-phase pulse input 
Read from timer Count value can be read out by reading timer A2, A3, or A4 register 
Write to timer When counting stopped 
When a value is written to timer A2, A3, or A4 register, it is written to both 
reload register and counter 
When counting in progress 
When a value is written to timer A2, A3, or A4 register, it is written to only 
reload register. (Transferred to counter at next reload time.) 
Select function Normal processing operation 
The timer counts up rising edges or counts down falling edges on the TAIIN 
pin when input signal on the TAiOUT pin is “H” 


TAIOUT | | a | L 
TAIIN i | i i ; 


(i=2,3) Up Up Up Down Down Down 
count count count count count count 


Multiply-by-4 processing operation 

If the phase relationship is such that the TAiIN pin goes “H” when the input 
signal on the TAiOUT pin is “H”, the timer counts up rising and falling edges 
on the TAiOUT and TAIIN pins. If the phase relationship is such that the 
TAIIN pin goes “L” when the input signal on the TAiOUT pin is “H”, the timer 
counts down rising and falling edges on the TAIOUT and TAIIN pins. 


Taicut Ay dy db yvayvdy 


Count up all edges Count down all edges 


Count up all edges Count down all edges 
Note 1: This does not apply when the free-run function is selected. 
Note 2: Timer A1 and A2 do not have I/O port (TAIN and TAiOUT). 
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Timer Ai mode register 
(When not using two-phase pulse signal processing) 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 


| fol ft foft TAIMR(i = 2 to 4) 039816 to 039A16 0016 


b1 bO 


TMOD1 0 1 : Event counter mode 


TMODO Operation mode select bit 


Pulse output function 0 : Pulse is not output 
MRO F : ae , 
select bit (Note 6) (TAiOUT pin is a normal port pin) 
1 : Pulse is output (Note 1) 
(TAiOUT pin is a pulse output pin) 


MR1 Count polarity 0 : Counts external signal's falling edges 
select bit (Note 2,6) 1 : Counts external signal's rising edges 


MR2 Up/down switching 0 : Up/down flag's content 
cause select bit (Note 6) |! : TAiOUT pin's input signal (Note 3) 


M 0 : (Must always be “0” in event counter mode) 


R3_[0: (Must always be “0” inevent countermode) OO. 
TCKO Count operation type 0 : Reload type 
select bit 1 : Free-run type 


TCK1 Two-phase pulse signal . : : 
pracessing operation |? Nora an cn operation 
select bit (Note 4,5) : 


Note 1: The settings of the corresponding port register and port direction register are invalid. 

Note 2: This bit is valid when only counting an external signal. 

Note 3: Set the corresponding port direction register to “O”. 

Note 4: This bit is valid for the timer A3 mode register. 
For timer A2 and A4 mode registers, this bit can be “O ”or “1”. 

Note 5: When performing two-phase pulse signal processing, make sure the two-phase pulse 
signal processing operation select bit (address 038416) is set to “1”. Also, always be 
sure to set the event/trigger select bit (addresses 038216 and 038316) to “OO”. 

Note 6: Set these bits "0" in timer A2 and A3 mode registers. 


Timer Ai mode register 
(When using two-phase pulse signal processing) 


b7 b6 bS b4 b8 b2 b1 bO Symbol Address When reset 


| | [oftfolofo]1| TAIMR(i = 2 to 4) 039816 to 039A16 = 0016 


TMODO __| Operation mode select bit }°'*° exe) 
TMOD1 0 1 : Event counter mode Cie) 
MRO 0 (Must always be “O” when using two-phase pulse signal 
: processing) 
' MR1 0 (Must always be “0” when using two-phase pulse signal 
processing) 
' MR2 1 (Must always be “1” when using two-phase pulse signal 
processing) 
MR3 0 (Must always be “0” when using two-phase pulse signal 
processing) 
TCKO Count operation type 0 : Reload type 
select bit 1 : Free-run type 


Two-phase pulse : : 
processing operation 0 : Normal processing operation _ 
select bit (Note 1)(Note 2) | 1 : Multiply-by-4 processing operation 


Note 1: This bit is valid for timer A3 mode register. 
For timer A2 and A4 mode registers, this bit can be “O” or “1”. 

Note 2: When performing two-phase pulse signal processing, make sure the two-phase pulse 
signal processing operation select bit (address 038416) is set to “1”. Also, always be 
sure to set the event/trigger select bit (addresses 038216 and 038316) to “OO”. 

Note 3: Timer A2 cannot be used for two-phase pulse signal processing. 


Figure 1.13.9. Timer Ai mode register in event counter mode 
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(3) One-shot timer mode 
In this mode, the timer operates only once. (See Table 1.13.4.) When a trigger occurs, the timer starts up and 
continues operating for a given period. Figure 1.13.10 shows the timer Ai mode register in one-shot timer mode. 


Table1.13.4. Timer specifications in one-shot timer mode 


Item Specification 


Count source f1, f8, 132, fc32 
Count operation « The timer counts down 


* When the count reaches 000016, the timer stops counting after reloading a new count 

+ Ifa trigger occurs when counting, the timer reloads a new count and restarts counting 
Divide ratio 1/n n:Set value 

Count start condition ¢ An external trigger is input 


¢ The timer overflows 

¢ The one-shot start flag is set (= 1) 

Count stop condition « Anew count is reloaded after the count has reached 000016 

¢ The count start flag is reset (= 0) 

Interrupt request generation timing | The count reaches 000016 

TAIIN pin function Programmable I/O port or trigger input 

TAiOUT pin function Programmable I/O port or pulse output 

Read from timer When timer Ai register is read, it indicates an indeterminate value 
Write to timer «When counting stopped 


When a value is written to timer Ai register, it is written to both reload 
register and counter 

« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 

Note: Timer A1 and A2 do not have I/O port (TAiIN and TAiOUuT). 


Timer Ai mode register 


ELE a eed Symbol Address When reset 


TAiMR(i = 0 to 4) 039616 to O39A16 0016 


“1 _TMODO _| Operation mode select bit 10% Ghaeh . oy O 
-| TMOD1 ne-shot timer mode OO 


MRO Pulse output function 0 : Pulse is not output 
select bit (Note 4) (TAiOUT pin is a normal port pin) 
1: Pulse is output (Note 1) 
(TAiOUT pin is a pulse output pin) 


External trigger select : Falling edge of TAiin pin's input signal (Note 3) 
bit (Note 2,4) : Rising edge of TAiIN pin's input signal (Note 3) 


Trigger select bit : One-shot start flag is valid 
: Selected by event/trigger select 
register 


MR3 0 (Must always be “O” in one-shot timer mode) 


b7 b6 


00:f1 


01: fs 
TCK1 10: f32 
11: fc32 


Note 1: The settings of the corresponding port register and port direction register are invalid. 
Note 2: Valid only when the TAiIN pin is selected by the event/trigger select bit 

(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”. 
Note 3: Set the corresponding port direction register to “O”. 
Note 4: Set these bits "0" in timer A1 and A2 mode registers. 


TCKO Count source select bit 


Figure 1.13.10. Timer Ai mode register in one-shot timer mode 
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(4) Pulse width modulation (PWM) mode 


In this mode, the timer outputs pulses of a given width in succession. (See Table 1.13.5.) In this mode, the 
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Timer A1 
and A2 have no output pin, so it doesn't work in this mode. Figure 1.13.11 shows the timer Ai mode 
register in pulse width modulation mode. Figure 1.13.12 shows the example of how a 16-bit pulse width 
modulator operates. Figure 1.13.13 shows the example of how an 8-bit pulse width modulator operates. 


Table 1.13.5. Timer specifications in pulse width modulation mode 


Item Specification 
Count source f1, f8, f32, fc32 
Count operation ¢ The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator) 
The timer reloads a new count at a rising edge of PWM pulse and continues counting 
The timer is not affected by a trigger that occurs when counting 
16-bit PWM High level width n/fi n:Set value 
Cycle time (218-1) /fi_ fixed 
8-bit PWM High level width nx(m+1)/fi — n:values set to timer Ai register’s high-order address 
Cycle time (28-1) (m+1) /fi m : values set to timer Ai register’s low-order address 
Count start condition External trigger is input 
The timer overflows 
The count start flag is set (= 1) 
Count stop condition The count start flag is reset (= 0) 
Interrupt request generation timing | PWM pulse goes “L” 
TAIIN pin function Programmable I/O port or trigger input 
TAIOUT pin function Pulse output 
Read from timer When timer Ai register is read, it indicates an indeterminate value 
Write to timer « When counting stopped 
When a value is written to timer Ai register, it is written to both reload 
register and counter 
« When counting in progress 
When a value is written to timer Ai register, it is written to only reload register 
(Transferred to counter at next reload time) 


Note: Timer A1 and A2 do not have I/O port (TAiIN and TAiOUT). 


Timer Ai mode register 


b7 b6 b5 b4 b3 b2 b1 bO 


Symbol Address When reset 
1/1/14 TAiMR(i=0 to 4) 039616 to O39A16 0016 


| [Bronte RW 


: TMODO Operation mode bt bo lOO 
..-J° TMOD1 _ |select bit 11: PWM mode loo 
1 (Must always be “1° in PWM mode) (Note 3) loo 


External trigger select 0: Falling edge of TAiin pin's input signal (Note 2) 
bit (Note 1,3) 1: Rising edge of TAiin pin's input signal (Note 2) 


Trigger select bit 0: Count start flag is valid 
1: Selected by event/trigger select register 


16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 
select bit 1: Functions as an 8-bit pulse width modulator 


Count source select bit 


Note 1: Valid only when the TAiIN pin is selected by the event/trigger select bit 

(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”. 
Note 2: Set the corresponding port direction register to “O”. 
Note 3: Set these bits "0" in timer A1 and A2 mode registers. 


Figure 1.13.11. Timer Ai mode register in pulse width modulation mode 
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Condition : Reload register = 000316, when external trigger 
(rising edge of TAiIN pin input signal) is selected 


a 
Hl 
1 
1 


Count source 


TAIIN pin i 
input signal “Ll ast 
| Trigger is not generated by this signal 


1/fix n 


PWM pulse output 
from TAiOUT pin 


Timer Ai interrupt 
request bit 


fi: Frequency of count source 
(ft, fs, £32, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software 


Note 1: n = 000016 to FFFE16. 
Note 2: Timer A1 and A2 do not have I/O port (TAiIN and TAiouT). 


Figure 1.13.12. Example of how a 16-bit pulse width modulator operates 


Condition : Reload register high-order 8 bits = 0216 
Reload register low-order 8 bits = 0216 
External trigger (falling edge of TAiIN pin input signal) is selected 


1/f X(m+1) X (28-1) 


Count source (Note1) 


TAiIN pin input signal 


e 4 1/4 X (m+1) 


Underflow signal of 
8-bit prescaler (Note2) «, » 


:  1/f X(m+1)Xn 
ee 
PWM pulse output 
from TAiOuT pin 


Timer Ai interrupt 
request bit 


fi: Frequency of count source 


(f1, f8, {32, fc32) Cleared to “0” when interrupt request is accepted, or cleaerd by software 


Note 1: The 8-bit prescaler counts the count source. 

Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal. 
Note 3: m = 0016 to FE16; n = 0016 to FE16. 

Note 4: Timer A1 and A2 do not have I/O port (TAiIN and TAiouT). 


Figure 1.13.13. Example of how an 8-bit pulse width modulator operates 
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Timer B 
Figure 1.13.14 shows the block diagram of timer B. Figures 1.13.15 and 1.13.16 show the timer B-related 
registers. However, timer B1 is used for internal timer since timer B1 does not have input port. 
Use the timer Bi mode register (i = 0 to 5) bits 0 and 1 to choose the desired mode. 
Timer B has three operation modes listed as follows: 
¢ Timer mode: The timer counts an internal count source. 
« Event counter mode: The timer counts pulses from an external source or a timer overflow. 
¢ Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or 
pulse width. 


Data bus high-order bits 


| <> 


. Data bus low-order bits 
Clock source selection 
I Low-order 8 bits a High-order 8 bits 
ff ui» 


+ Timer - 
fg o \ + Pulse period/pulse width measurement Reload register (16) 


f32 ——o 
fc32___o + Event counter 


TBiin Polarity switching 
(i = 0 to 5) and edge pulse 


Can be selected in only 
event counter mode 
TBi Address TBi 
TBj overflow ———O Timer BO 039116 039016 Timer B2 
(j =i-1. Note, however, Timer B1 039316 039216 Timer BO 
j= 2 wheni=0, Timer B2 039516 039416 Timer B1 
j = 5 wheni = 3) Timer B3 035116 035016 Timer BS 
Timer B4 035316 035216 Timer B3 
Timer B5 035516 035416 Timer B4 


Note: TB1IN does not connect to outside. Thus, do not select the function using this pin. 


Figure 1.13.14. Block diagram of timer B 


Timer Bi mode register 


Symbol Address When reset 
TBiMR(i = 0 to 5) 039B16 to039D16 O00XX00002 
035B16 to 035D16 ==00XX00002 


b7 b6 b5 b4 b3 b2 b1 bO 


TMODO : 
: Timer mode 
: Event counter mode 


™ : Pulse period/pulse width 
measurement mode (Note 3) 
: Inhibited 


OD1 


TCKO Count source select bit 


TCK1 (Function varies with each operation mode) 


Note 1: Timer BO, timer B3. 
Note 2: Timer B1, timer B2, timer B4, timer B5. 
Note 3: Do not set this mode since timer B1 does not have input port. 


Figure 1.13.15. Timer B-related registers (1) 
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Timer Bi register (Note) Address When reset 
039116, 039016 Indeterminate 
(b15) (b8) 039316, 039216 Indeterminate 
ws pony 039516, 039416 Indeterminate 
035116, 035016 Indeterminate 
035316, 035216 Indeterminate 
035516, 035416 Indeterminate 


Funoton 


* Timer mode 000016 to FFFF16 
Counts the timer's period 


* Event counter mode 000016 to FFFF16 
Counts external pulses input or a timer overflow 


Note 1: Read and write data in 16-bit units. 
Note 2: Timer B1 is provided with no input pin, so it does not work in this mode. The 
overflow of the timer, however, can be counted in event counter mode. 


Count start flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
TABSR 038016 0016 


Bit symbol Bit name hw 


Timer AO count start f 0 : Stops counting 
Timer A1 count start f 1: Starts counting 
Timer A2 count start f 
Timer A3 count start f 
Timer A4 count start f 
Timer BO count start f 


Timer B1 count start f 


Timer B2 count start f 


Timer B3, 4, 5 count start flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
TBSR 034016 OO0OXXXXxX2 


Nothing is assigned. In an attempt to write to these bits, write “O”. The value, if read, 
turns out to be indeterminate. 


TB3S Timer B3 count start flag 0 : Stops counting 
TB4S Timer B4 count start flag Testers counung 


TB5S Timer B5 count start flag 


Clock prescaler reset flag 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 
CPSRF 038116 OXXXXXXX2 


Bi symbol 


Nothing is assigned. In an attempt to write to these bits, write “O”. The value, if read, 
turns out to be indeterminate. 


0: No effect 
1 : Prescaler is reset 
(When read, the value is “O”) 


Clock prescaler reset flag 


Figure 1.13.16. Timer B-related registers (2) 
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(1) Timer mode 


In this mode, the timer counts an internally generated count source. (See Table 1.13.6.) Figure 1.13.17 
shows the timer Bi mode register in timer mode. 


Table 1.13.6. Timer specifications in timer mode 


Item Specification 


Count source 


f1, f8, f32, fc32 


Count operation 


* Counts down 
« When the timer underflows, it reloads the reload register contents before 
continuing counting 


Divide ratio 


1/(n+1) n:Setvalue 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


The timer underflows 


TBIIN pin function 


Programmable I/O port 


Read from timer 


Count value is read out by reading timer Bi register 


Write to timer 


« When counting stopped 
When a value is written to timer Bi register, it is written to both reload register and counter 
« When counting in progress 
When a value is written to timer Bi register, it is written to only reload register 
(Transferred to counter at next reload time) 


Note: Timer B1 works exclusively as an internal timer since timer B1 does not have input port (TB1IN). 


Timer Bi mode register 


b7 b6 b5 b4 b3 b2 bi b0 


Symbol Address When reset 
TBiMR(i=0 to 5) 039Bi16 to 039D16 00XX00002 
035B16 to 035D16 00XX00002 


TMOD b1 bO 
Operation mode select bit 00: Timer mode 
TMOD1 


eee Invalid i in timer mode 


0 (Fixed to “O” in timer mode ; i = 0, 3) 


Nothing is assiigned (i = 1, 2, 4, 5). 
In an attempt to write to this bit, write “O”. The value, if read, turns out 
to be indeterminate. 


Invalid in timer mode. 
In an attempt to write to this bit, write “O”. The value, if read in 
timer mode, turns out to be indeterminate. 


Count source select bit 


Note 1: Timer BO, timer B3. 
Note 2: Timer B1, timer B2, timer B4, timer B5. 


Figure 1.13.17. Timer Bi mode register in timer mode 
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(2) Event counter mode 


In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.13.7.) 
Figure 1.13.18 shows the timer Bi mode register in event counter mode. 


Table 1.13.7. Timer specifications in event counter mode 


Item Specification 


Count source ¢ External signals input to TBiIN pin 

« Effective edge of count source can be a rising edge, a falling edge, or falling 
and rising edges as selected by software 

Count operation * Counts down 

« When the timer underflows, it reloads the reload register contents before 
continuing counting 

Divide ratio 1/(n+1) n: Set value 

Count start condition Count start flag is set (= 1) 

Count stop condition Count start flag is reset (= 0) 

Interrupt request generation timing | The timer underflows 

TBIIN pin function Count source input 

Read from timer Count value can be read out by reading timer Bi register 

Write to timer «When counting stopped 
When a value is written to timer Bi register, it is written to both reload register and counter 

«When counting in progress 


When a value is written to timer Bi register, it is written to only reload register 
(Transferred to counter at next reload time) 
Note: Timer B1 works exclusively as an internal timer since timer B1 does not have input port (TB1IN). 


Timer Bi mode register 


b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset 
TBiMR(i=0 to 5) 039B16to039D1e 00XX00002 
035B16 to 035Die 00XX00002 


Bit symbol Bit name Function 


-1| TMODO | Operation mode select bit | °° 
01: Event counter mode roo | 


OD1 
MR lari | 
° peuet ee tH seiees : Counts external signal's 
bit (Note 1) z 
falling edges 


: Counts external signal's 
MRI rising edges 
: Counts external signal's 
falling and rising edges 
: Inhibited 


0 (Fixed to “0” in event counter mode; i = 0, 3) 


Nothing is assigned (i = 1, 2, 4, 5). 

In an attempt to write to this bit, write “O”. The value, if read, turns out 
to be indeterminate. 

Invalid in event counter mode. 

In an attempt to write to this bit, write “O”. The value, if read in 
event counter mode, turns out to be indeterminate. 


Invalid in event counter mode. Can be “0” or “1”. 


Event clock select 0: Input from TBiIN pin (Note 4) 
1: TBj overflow 
(j =i— 1; however, j = 2 when i =0, 
j= 5 when i= 3) 


Valid only when input from the TBiIN pin is selected as the event clock. 

If timer's overflow is selected, this bit can be “O” or “1”. Since Timer B1 does 
not have TB1IN pin, the setting value of this bit is invaid. 

Timer BO, timer B3. 

Timer B1, timer B2, timer B4, timer B5. 

Set the corresponding port direction register to “O”. Since Timer B1 does not 
have TB1IN pin, do not use TB1IN pin as event clock. 


Figure 1.13.18. Timer Bi mode register in event counter mode 
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(3) Pulse period/pulse width measurement mode 
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.13.8.) 
However, this function cannot be used since timer B1 does not have input port. Figure 1.13.19 shows the 
timer Bi mode register in pulse period/pulse width measurement mode. Figure 1.13.20 shows the opera- 
tion timing when measuring a pulse period. Figure 1.13.21 shows the operation timing when measuring 


a pulse width. 


Table 1.13.8. Timer specifications in pulse period/pulse width measurement mode 


Item Specification 


Count source 


ft, f8, f32, f¢32 


Count operation 


¢ Up count 
* Counter value “000016” is transferred to reload register at measurement 
pulse's effective edge and the timer continues counting 


Count start condition 


Count start flag is set (= 1) 


Count stop condition 


Count start flag is reset (= 0) 


Interrupt request generation timing 


«When measurement pulse's effective edge is input (Note 1) 


«When an overflow occurs. (Simultaneously, the timer Bi overflow flag 
changes to “1”. The timer Bi overflow flag changes to “O” when the count 
start flag is “1” and a value is written to the timer Bi mode register.) 


TBIIN pin function 


Measurement pulse input 


Read from timer 


When timer Bi register is read, it indicates the reload register’s content 
(measurement result) (Note 2) 


Write to timer 


Cannot be written to 


Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting. 
Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer. 


Timer Bi mode register 


b7 b6 bS b4 b3 b2 b1 b0 


Symbol Address When reset 
TBiMR(i=0 to 5) O39B1eto 039D16 00XX00002 
035B16 to 035D16 00XX00002 


ales tale a 


Bit name Function 

b1 bO 

10: Pulse period / pulse width 
measurement mode 


Operation mode 
select bit 


b3 b2 

00: Pulse period measurement (Interval between 
measurement pulse's falling edge to falling edge) 

01: Pulse period measurement (Interval between 
measurement pulse's rising edge to rising edge) 

10: Pulse width measurement (Interval between 
measurement pulse's falling edge to rising edge, 
and between rising edge to falling edge) 

11: Inhibited 


Measurement mode 
select bit 


0 (Fixed to “0” in pulse period/pulse width measurement mode; i = 0, 3) 

‘Nothingis assigned (i=1,2,4,5)) tho 
In an attempt to write to this bit, write “O”. The value, if read, turns out to be 

indeterminate. 


Timer Bi overflow 0 : Timer did not overflow 
flag ( Note 1) 1: Timer has overflowed 


b7 b6 
Count source 00:f1 


select bit 01-f 


10: fa2 
11: fc32 


Note 1: The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the 
timer Bi mode register. This flag cannot be set to “1” by software. 

Note 2: Timer BO, timer B3. 

Note 3: Timer B1, timer B2, timer B4, timer B5. 


Figure 1.13.19. Timer Bi mode register in pulse period/pulse width measurement mode 
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When measuring measurement pulse time interval from falling edge to falling edge 


Count source 


Measurement pulse 


i Transfer 
indeterminate value) ye (measured value) 


Reload register«— counter | 


transfer timing 


Timing at which counter 
reaches “000016” 


Count start flag 


Timer Bi interrupt 
request bit 


Cleared to “0” when interrupt request is accepted, or cleared by software. 


Timer Bi overflow flag a 


Note 1: Counter is initialized at completion of measurement. 
Note 2: Timer has overflowed. 


Figure 1.13.20. Operation timing when measuring a pulse period 


Count source 


Measurement pulse 
Transfer nd Transfer 1 Transfer 
(indeterminate lw (measured | (measured value) 
value) yen value) v4 


Reload register ¢- counter 
transfer timing 


A (Note 1) UA (Note 1) LA (Note 1 glNote 1) 
Timing at which counter I 
reaches “000016” 


Count start flag 


Timer Bi interrupt 
request bit 


base 


Cleared to “0” when interrupt request is accepted, or cleared by software. 


Timer Bi overflow flag gy 
69)” —___ 


Note 1: Counter is initialized at completion of measurement. 
Note 2: Timer has overflowed. 


Figure 1.13.21. Operation timing when measuring a pulse width 
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Serial I/O 


Serial I/O is configured as five channels: UARTO, UART1, UART2, S I/O3 and S 1/04. 


UARTO to 2 


86 


UARTO, UART1 and UART2 each have an exclusive timer to generate a transfer clock, so they operate 
independently of each other. 

Figure 1.14.1 shows the block diagram of UARTO, UART1 and UART2. Figures 1.14.2 and 1.14.3 show 
the block diagram of the transmit/receive unit. 

UARTI (i = 0 to 2) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous 
serial I/O mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses 
03A016, 03A816 and 037816) determine whether UARTIi is used as a clock synchronous serial I/O or as a 
UART. 

UARTO through UART2 are almost equal in their functions with minor exceptions. UART2, in particular, is 
used for the SIM interface with some extra settings added in clock-asynchronous serial I/O mode (Note). It 
also has the bus collision detection function that generates an interrupt request if the TxD pin and the RxD 
pin are different in level. UART and IIC mode can be used in UART2. 

Table 1.14.1 shows the comparison of functions of UARTO through UART2, and Figures 1.14.4 to 1.14.8 
show the registers related to UARTIi. 

Note: SIM : Subscriber Identity Module 


Table 1.14.1. Comparison of functions of UARTO through UART2 


Function 


CLK polarity selection 


Possible —_ (Note 1) 


Possible (Note 1) 


Possible (Note 5) 


LSB first / MSB first selection 


Possible (Note 1) 


Possible (Note 1) 


Possible = (Note 2) 


Continuous receive mode selection 


Possible (Note 1) 


Possible (Note 1) 


Possible (Note 1) 


Transfer clock output from multiple 
pins selection 


Impossible 


Possible (Note 1) 


Impossible 


Separate CTS/RTS pins 


Possible 


Impossible 


Impossible (Note 5) 


Serial data logic switch 


Impossible 


Impossible 


Possible (Note 4) 


Sleep mode selection 


Possible (Note 3) 


Possible (Note 3) 


Impossible 


TxD, RxD I/O polarity switch 


Impossible 


Impossible 


Possible (Note 5) 


TxD, RxD port output format 


CMOS output 


CMOS output 


N-channel open-drain 
output (Note 6) 


Parity error signal output 


Impossible 


Impossible 


Possible (Note 4) 


Bus collision detection 


Impossible 


Note 1: Only when clock synchronous serial I/O mode. 
Note 2: Only when clock synchronous serial I/O mode and 8-bit VART mode. 


Note 3: Only when UART mode. 
Note 4: Using for SIM interface. 


Impossible 


Possible 


Note 5: Since CLK2 and CTS2/RTS2 do not connect to outside, this function cannot be used. 
Note 6: Connect this pin to Vcc via a pull-up resistor on the outside. 
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(UARTO) 
RxD0 © 


UART reception i 
416 a Receive 


clock Transmit/ 
Bit rate generator Clock synchronous type ;—° receive 
Internal (address 03A116) unit 


1/(no+1)L-+ UART transmission 


External Clock synchronous type 
Clock synchronous type 


(when internal clock is selected) 
—~o— 


Oo 

Clock synchronous type 
lock i 

ot x Geral clock is 

eEko $ reversing 

circuit 


Clock source selection 


Clock synchronous type 
(when internal clock is selected) 


CTS/RTS disabled 
RTSo 


ae CTS/RTS selected 
CTS0/RTSo O: o8 


fe} 


Vec 
6 CTS/RTS disabled 
0-0 
i CTS/RTS separated 


CTSo 


CTSO from UART1 


(UART1) 
RxD1CE 


UART reception 5 Receive 7 it! 
7 i ransm! 
Clock source selection ° Pitas uk = ates 
ft 6 Bit rate generator | Clock synchronous type -° 


unit 
fe os Internal (address 03A916) 


——o Transmit 
Le DEE) t Transmission clock 


External Clock synchronous type control circuit 
Clock synchronous type 


(when internal clock is selected) 
oS 


Oo 


Clock synchronous type Clock synchronous type 
CLK (when internal clock is selected) (when external clock is 


: selected) 
CH polarity <| 
CLK1 reversing 55 


circuit | CTS/RTS disabled 


CTS/RTS d ‘DTe. 
CTS1/RTS1C) oy etd na { aTs. 
/CTSO/ CLKS1 Clock output pin Voc 


select switch CTS/RTS disabled 
OO 


CTSo 


CTS1 


CTSO to UARTO 


(UART2) 


O RxD polarity TxD 
lari 
RxD2 reversing circuit polarity 


— reversing 
UART reception 


1446} 9 ; Receive circuit 
Clock source selection Reception | clock Transmit! 
Bit rate generator | Clock synchronous type | control circuit receive 
Internal 1 


(address 037916) unit 
UART transmission Transmit 
1/(n2+1) wip Transmission clock 
Clock synchronous type control circuit 


Clock synchronous type 
(when internal clock is selected) 
re 


——~p —_1 


——— : Val ARTO bi itor (BRGO 
Note: CLK and CTS/RTS of UART2 do not connect to outside. Ae ar acie ea tony spall ) 


; n1 : Values set to UART1 bit rate generator (BRG1) 
Clock synchronous serial I/O mode cannot be used in UART2. n2 : Values set to UART2 bit rate generator (BRG2) 


Figure 1.14.1. Block diagram of UARTi (i = 0 to 2) 
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Serial I/O 


Clock 
synchronous type 


UART (7 bits) 
Clock UART (8 bits) 


PAR synchronous UART (7 bits) UARTI receive register 
disabled |'¥P@ Ls 
PAR —O- 


Laie CART UART (9 bits) 


Clock 
synchronous type 


UART (8 bits) 
UART (9 bits) 


H . i : H : H UARTIi receive 
| D7 : De} Ds : Da: D3} D2: Di : Do | butter register 


- —. Address 03A616 
MSB/LSB conversion circuit Address 03A716 
Address 03AE16 


Address 03AF16 


Data bus high-order bits 


Data bus low-order bits 


MSB/LSB conversion circuit 


Y 


Ds | | D7! Dei Ds! Dai Ds i De! D1} Do | UARTitransmit 


buffer register 


Address 03AA16 


Address 03A216 
Address 03A316 
Address 03AB16 


UART (8 bits) 
UART (9 bits) 


Clock synchronous 


Sa oo 


disabled | synchronous UART (7 bits) UARTI transmit register 


type UART (7 bits) 
UART (8 bits) 


UART (9 bits) 


PAR 
enabled UART 
-———o 


SP: Stop bit 
PAR: Parity bit 


“<Q” 
Clock synchronous 


Figure 1.14.2. Block diagram of UARTi (i = 0, 1) transmit/receive unit 
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Clock 
synchronous type 


(8 bits) UART(7 bits) UART2 receive register 


Clock 
synchronous type 


(9 bits) 


Logic reverse circuit + MSB/LSB conversion circuit 


Data bus high-order bits 


PAR 
enabled 


UART 
—e 


Clock 
synchronous 
type 


Note: Clock synchronous serial I/O mode cannot be used in UART2. 


Data bus low-order bits 


Logic reverse circuit + MSB/LSB conversion circuit 


D7: De: Ds: Da: Ds } De! D1 : Do 


UART 
(8 bits 
UART 
(9 bits 


UART Clock 
(9 bits) synchronous type 


oO 


UART(7 bits) UART2 transmit register 


(8 bits) 


UART2 receive 
buffer register 


Address 037E16 
Address 037F16 


UART2 transmit 
buffer register 


Address 037A16 
Address 037B16 


Clock 
synchronous type 


Error signal output 


disable No reverse 


Error signal output Reverse 


enable 


SP: Stop bit 


Figure 1.14.3. Block diagram of UART2 transmit/receive unit 


PAR: Parity bit 


Lo Error signal = TxD data _ TxD2 
output circuit reverse circuit 
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UARTiI transmit buffer register 
(b8) Symbol Address When reset 

U0TB O03A316, O3A216 Indeterminate 

U1TB O3ABi6, O3AAi6 Indeterminate 


U2TB 037Bi6, 037A16 Indeterminate 


Transmit data 


Nothing is assigned. 


In an attempt to write to these bits, write “O”. The value, if read, turn out to be indeterminate. 


UARTIi receive buffer register 


(b8) Symbol Address When reset 

bO_b? UORB  03A716, 0O3A61s_~—_—sIndeterminate 
U1RB O3AF 16, OSAE16 Indeterminate 
U2RB 037F 16, 037E16 Indeterminate 


: Function 
Bit name (During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 


Receive data 


Nothing is assigned. 


In an attempt to write to these bits, write “O”. The value, if read, turn out to be “O”. 


Receive data 


Arbitration lost detecting : Not detected 
flag (Note 2) : Detected 


Invalid 


Overrun error flag (Note 1) : No overrun error 
: Overrun error found 


Parity error flag (Note 1) Invalid 


“ 


0: 
1: 


No overrun error 
: Overrun error found 


No parity error 
Parity error found 


Error sum flag (Note 1) Invalid 


0: 


1 


No error 
: Error found 


Note 1: Bits 15 through 12 are set to “O” when the serial I/O mode select bit (bits 2 to 0 at addresses 03A016, 
03A816 and 037816) are set to “0002” or the receive enable bit is set to “0”. 
(Bit 15 is set to “O” when bits 14 to 12 all are set to “O”.) Bits 14 and 13 are also set to “O” when the 
lower byte of the UARTIi receive buffer register (addresses 03A6ie, O3AE16 and 037E16) is read out. 
Note 2: Arbitration lost detecting flag is allocated to U2RB and noting but “O” may be written. Nothing is 
assigned in bit 11 of UORB and U1RB. These bits can neither be set or reset. When read, the value 
of this bit is “O”. 


UARTiI bit rate generator 


b7 bo Address When reset 

O3A116 Indeterminate 
O3AQ916 Indeterminate 
037916 Indeterminate 


Function 


Assuming that set value = n, BRGi divides the count source by 
n+1 


Values that can be set 


0016 to FFie 


Figure 1.14.4. Serial l/O-related registers (1) 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
: SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Serial I/O 


UARTIi transmit/receive mode register 


b7_b6 b5 b4 b3 b2 bi _b0 Symbol Address When reset 
UiMR(i=0,1) 03A016, 03A816 0016 


Function 
Bit name (During clock synchronous 
serial I/O mode) 


t| SMDO | Serial I/O mode Must be fixed to 001 
select bit b2 bt bO : Transfer data 7 bits long 
0 00: Serial I/O invalid : Transfer data 8 bits long 
010: Inhibited : Transfer data 9 bits long 
011 : Inhibited : Serial I/O invalid 
111: Inhibited : Inhibited 
: Inhibited 
: Inhibited 


Function 
(During UART mode) 


Internal/external 0 : Internal clock 0 : Internal clock 
clock select bit 1: External clock (Note) 1 : External clock (Note) 


Stop bit length Invalid 0 : One stop bit 

select bit 1 : Two stop bits 

Odd/even parity Invalid Valid when bit 6 = “1” 

select bit 0 : Odd parity 
1: Even parity 

Parity enable bit Invalid 0 : Parity disabled 
1: Parity enabled 

Sleep select bit Must always be “0” 0 : Sleep mode deselected rt 
1: Sleep mode selected 


Note : Set the corresponding port direction register to “0”. 


UART2 transmit/receive mode register 


b7_b6 b5 b4 b3 b2 bi _b0 Symbol Address When reset 
U2MR 037816 0016 


Function 
Bit name (During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 


Serial I/O mode Clock synchronous serial ; ; 
select bit /O mode can not be used : Transfer data 7 bits long 
in UART2 (Note). : Transfer data 8 bits long 
: Transfer data 9 bits long 
: Serial I/O invalid 
: Inhibited 
: Inhibited 
: Inhibited 


Internal/external 
clock select bit 


Stop bit length 0: One stop bit 
select bit 1 : Two stop bits 


Odd/even parity Valid when bit 6 = “1” 
select bit 0 : Odd parity 
: Even parity 


: Parity disabled 


1 
Parity enable bit 0 
1: Parity enabled 
0 
1 


TxD, RxD I/O 
polarity reverse bit 


: No reverse 
: Reverse 


Usually set to “0” 


Note : Bit 2 to bit 0 are set to “0102” when 2c mode is used. 


Figure 1.14.5. Serial I/O-related registers (2) 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Serial I/O 


UARTIi transmit/receive control register 0 


b7 b6 bd b4 b3 b2 b1 bO 
Symbol 


UiCO(i=0,1) 


Bit name 


Address 
03A416, 03AC16 


When reset 
0816 


Function 
(During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 


BRG count source 
select bit 


b1bO 

00:ftis selected 
01:fsis selected 
10: f32is selected 
11: Inhibited 


b1bO 

00:ftis selected 
01:fsis selected 
10: f32is selected 
11: Inhibited 


Valid when bit 4 = “0” 
: CTS function is selected (Note 1) 
: RTS function is selected (Note 2) 


Valid when bit 4 = “0” 
0 : CTS function is selected (Note 1) 
: RTS function is selected (Note 2) 


: Data present in transmit register 
(during transmission) 

: No data present in transmit 
register (transmission completed) 


: Data present in transmit 
register (during transmission) 

: No data present in transmit 
register (transmission completed) 


empty flag 


: CTS/RTS function enabled 
: CTS/RTS function disabled 
(P60 and P64 function as 

programmable |/O port) 


: CTS/RTS function enabled 
: CTS/RTS function disabled 
(P60 and P64 function as 
programmable |/O port) 


: TXDi pin is CMOS outpu 
: TXDi pin is N-channel 
open-drain output 


CTS/RTS disable 
bit 


: TXDi pin is CMOS output 
1: TXDi pin is N-channel 
open-drain output 


Data output 
select bit 


: Transmit data is output at falling 
edge of transfer clock and receive 
data is input at rising edge 

: Transmit data is output at rising 
edge of transfer clock and receive 
data is input at falling edge 


0: LSB first 
1: MSB first 


CKPOL | CLK polarity Must always be “0” 


select bit 


Transfer format 
select bit 


Note 1: Set the corresponding port direction register to “O”. 
Note 2: The settings of the corresponding port register and port direction register are invalid. 


UFORM Must always be “0” 


UART2 transmit/receive control register 0 


b7 b6 bd b4 b3 b2 bi b0 
Address 


037C16 


Symbol 
U2C0 


When reset 
0816 


Function 
(During clock synchronous 
serial ) 


Function 


Bit name (During UART mode) 


b1 bO 

00:ftis selected 
01:fsis selected 
10: f32is selected 
11: Inhibited 


lid when bit 4 = “0” 


b1 bO 

00:ftis selected 
01:fsis selected 
10: f32is selected 
11: Inhibited 


Valid when bit 4 = “0” 
: CTS function is selected (Note 1) 
: RTS function is selected (Note 2) 


BRG count source 
select bit 


CTS/RTS function 
select bit 


Va 
0 : CTS function is selected (Note 1) 
: RTS function is selected (Note 2) 


: Data present in transmit 
register (during transmission) 

: No data present in transmit 
register (transmission completed) 


: Data present in transmit register 
(during transmission) 
1 : No data present in transmit 
register (transmission completed) 


: CTS/RTS function enabled 

: CTS/RTS function disabled 
(P73 functions programmable 
V/O port) 


Transmit register 
empty flag 


CTS/RTS disable : CTS/RTS function enabled 
bit 


: CTS/RTS function disabled 
(P73 functions 
programmable |/O port) 


Nothing is assigned. 
In an attempt to write to this bit 


CKPOL | CLK polarity 
select bit 


out to be “0”. 
Must always be “0” 


write “0”. The value, if read, turns 
0 : Transmit data is output at falling 
edge of transfer clock and receive 
data is input at rising edge 
: Transmit data is output at rising 
edge of transfer clock and receive 
data is input at falling edge 


0: LSB first 
1: MSB first 


Transfer format 
FORM 
ue select bit (Note 3) 


0: LSB first 
1: MSB first 


Note 1: Set the corresponding port direction register to “O”. 

Note 2: The settings of the corresponding port register and port direction register are invalid. 

Note 3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid. 

Note 4: The setting value of these bits are invalid since CLK2 and CTS2/RTS2 do not have external pin in 
M16C/62 (80-pin version) group. 

Note 5: UART2 clock synchronous serial I/O mode cannot be used in M16C/62 (80-pin version) group. 


Figure 1.14.6. Serial l/O-related registers (3) 
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Serial I/O 


UARTIi transmit/receive control register 1 


b7 b6 b5 b4 b3 b2 bi b0 Address 


03A516,03AD16 


Symbol 
UiC1(i=0,1) 


When reset 
0216 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Function 
(During clock synchronous 
serial I/O mode) 


Bit name 


: Transmission disabled 
: Transmission enabled 


Transmit enable bit 


Function 
(During UART mode) 


: Transmission disabled 
: Transmission enabled 


Transmit buffer 
empty flag 


: Data present in 
transmit buffer register 

: No data present in 
transmit buffer register 


Receive enable bit : Reception disabled 


: Reception enabled 


: Data present in 
transmit buffer register 

: No data present in 
transmit buffer register 


: Reception disabled 
: Reception enabled 


Receive complete flag : No data present in 
receive buffer register 
: Data present in 


receive buffer register 
Nothing is assigned. 


: No data present in 
receive buffer register 

: Data present in 
receive buffer register 


In an attempt to write to these bits, write “O”. The value, if read, turns out to be “O”. 


UART2 transmit/receive control register 1 


b7 b6 b5 b4 b3 b2 bt b0 Address 


037D16 


Symbol 
U2C1 


When reset 
0216 


Function 
(During clock synchronous 
serial I/O mode) 


Bit name 


Transmit enable bit 


Transmit buffer 
empty flag 


0 : Transmission disabled 
1 : Transmission enabled 


0 : Data present in 
transmit buffer register 

1: No data present in 
transmit buffer register 


Function 
(During UART mode) 


: Transmission disabled 
: Transmission enabled 


: Data present in 
transmit buffer register 

: No data present in 
transmit buffer register 


Receive enable bit 0 : Reception disabled 


1 : Reception enabled 


Receive complete flag 0 : No data present in 
receive buffer register 
1: Data present in 


receive buffer register 


U2IRS | UART2 transmit interrupt 
cause select bit 


0: Transmit buffer empty 
(Tht) 

1: Transmit is completed 
(TXEPT = 1) 


: Reception disabled 
: Reception enabled 


: No data present in 
receive buffer register 

: Data present in 
receive buffer register 


: Transmit buffer empty 
(Tl = 1) 

: Transmit is completed 
(TXEPT = 1) 


U2RRM | UART2 continuous 
receive mode enable bit 
0 : No reverse 


U2LCH | Data logic select bit 
1: Reverse 
U2ERE | Error signal output Must be fixed to “O” 
enable bit 


0 : Continuous receive 
mode disabled 

1 : Continuous receive 
mode enabled 


Invalid 


0: No reverse 
1 : Reverse 


0 : Output disabled 
1 : Output enabled 


Note: UART2 clock synchronous serial I/O mode cannot be used in M16C/62 (80-pin version) group. 


Figure 1.14.7. Serial I/O-related registers (4) 
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Serial I/O 


UART transmit/receive control register 2 


b7 b6 b5 b4 b3 b2 b1 bO 


Symbol 
UCON 


Bit 
name 


Address 
03B016 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


When reset 
X00000002 


Function 
(During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 


UOIRS | UARTO transmit 
interrupt cause select bit 


U1IRS | UART1 transmit 
interrupt cause select bit 


UORRM | UARTO continuous 
receive mode enable bit 


U1RRM | UART1 continuous 
receive mode enable bit 


CLKMDO] CLK/CLKS select bit 0 


CLKMD1]| CLK/CLKS select 
bit 1 (Note) 


RCSP._ | Separate CTS/RTS bit 


Nothing is assigned. 


0 : Transmit buffer empty (TI = 1) 
1 : Transmission completed 
(TXEPT = 1) 


0 : Transmit buffer empty (TI = 1) 
1 : Transmission completed 
(TXEPT = 1) 


0: Transmit buffer empty (TI = "feo 
1: Transmission completed 
(TXEPT = 1) 


Invalid i 


Invalid po 
Invalid od 


Must always be “0” 


Me Transmit buffer empty (TI = 1) 
nTeeRe ay, completed 


0 : Continuous receive 
mode disabled 

: Continuous receive 
mode enable 


0 : Continuous receive 
mode disabled 

1 : Continuous receive 
mode enabled 


Valid when bit 5 = “1” 
ne Clock output to CLK1 
: Clock output to CLKS1 


0: Normal mode 
(CLK output is CLK1 only) 
1: Transfer clock output 
from multiple pins 
function selected 


re CTS/RTS shared pin 
: CTS/RTS separated 


1 


In an attempt to write to this bit, write “O”. The value, if read, turns out to be indeterminate. 


Note: When using multiple pins to output the transfer clock, the following requirements must be met: 
+ UART1 internal/external clock select bit (bit 3 at address 03A816) = “O”. 


UART2 special mode register 


b7 b6 b5 b4 b3 b2 b1 b0 


Symbol 
U2SMR 
Bit 


Bit 
symbol aime 
IICM_ | IIC mode selection bit 
ae Arbitration lost detecting 


flag control bit 


Es Bus busy flag 


037716 


Address 


When reset 
0016 


Function 
(During clock synchronous 
serial I/O mode) 


Function 
(During UART mode) 
Must always be “O” 


Must always be “0” 


0 : Normal mode 
1: 1IIC mode 


0 : Update per bit 
1 : Update per byte 


0: STOP condition detected 
1: START condition detected 


Must always be “0” exe) 
(Note 


LSYN_ | SCLL sync output 0 : Disabled Must always be “0” 
enable bit 1 : Enabled 


ABSCS | Bus collision detect 
sampling 
clock select bit 


Must always be “0” 0 : Rising edge of transfer 
clock 


1 : Underflow signal of timer AO 


Auto clear function 
select bit of transmit 
enable bit 


Transmit start condition 
select bit 


SSS 


Reserved bit 


0 : No auto clear function 
1 : Auto clear at occurrence of 
bus collision 


0: Ordinary 
1 : Falling edge of RxD2 


Must always be “0” 


Must always be “O” 


Always set to “0” 


Note 1: Nothing but "0" may be written. 
Note 2: UART2 clock synchronous serial I/O mode cannot be used in M16C/62 (80-pin version) group. 


Figure 1.14.8. Serial l/O-related registers (5) 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Clock synchronous serial I/O mode 


(1) Clock synchronous serial I/O mode 
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 1.14.2 
and 1.14.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.14.9 shows the 
UARTI transmit/receive mode register. Clock synchronous serial I/O mode cannot be used in UART2. 


Table 1.14.2. Specifications of clock synchronous serial I/O mode (1) 
Transfer data format ¢ Transfer data length: 8 bits 
Transfer clock ¢ When internal clock is selected (bit 3 at addresses 03A016, 03A816 = “0”) 
: fi/ 2(n+1) (Note 1) fi = f1, fa, f32 
« When external clock is selected (bit 3 at addresses 03A016, 03A816 = “1”) 
: Input from CLKi pin 
Transmission/reception control | * CTS function/RTS function/CTS, RTS function chosen to be invalid 
Transmission start condition | * To start transmission, the following requirements must be met: 
— Transmit enable bit (bit 0 at addresses 03A516, O3AD16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0” 
—When CTS function selected, CTS input level = “L” 
¢ Furthermore, if external clock is selected, the following requirements must also be met: 
— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “O” 
: CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “1” 
: CLKi input level = “L” 
Reception start condition | + To start reception, the following requirements must be met: 
— Receive enable bit (bit 2 at addresses 03A516, 0O3AD16) = “1” 
— Transmit enable bit (bit 0 at addresses 03A516, O3AD16) = “1” 
— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0” 
¢ Furthermore, if external clock is selected, the following requirements must 
also be met: 
— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “0” 
: CLKi input level = “H” 
— CLKi polarity select bit (bit 6 at addresses 03A416, O3AC16) = “1” 
: CLKi input level = “L” 
Interrupt request * When transmitting 
generation timing — Transmit interrupt cause select bit (bits 0, 1 at address 03B016) = “O” 
: Interrupts requested when data transfer from UARTi transfer buffer register 
to UARTIi transmit register is completed 
— Transmit interrupt cause select bit (bits 0, 1 at address 03B016) = “1” 
: Interrupts requested when data transmission from UARTIi transfer register 
is completed 
¢ When receiving 
— Interrupts requested when data transfer from UARTIi receive register to 
UARTI receive buffer register is completed 
Error detection * Overrun error (Note 2) 
This error occurs when the next data is ready before contents of UARTi 
receive buffer register are read out 
Note 1: “n” denotes the value 0016 to FF 16 that is set to the UART bit rate generator. 
Note 2: If an overrun error occurs, the UARTIi receive buffer will have the next data written in. Note also that 


the UARTI receive interrupt request bit is not set to “1”. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


: SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Clock synchronous serial I/O mode 


Table 1.14.4. Specifications of clock synchronous serial I/O mode (2) 


Item Specification 


Select function * CLK polarity selection 
Whether transmit data is output/input at the rising edge or falling edge of the 
transfer clock can be selected 

« LSB first/MSB first selection 


Whether transmission/reception begins with bit 0 or bit 7 can be selected 
* Continuous receive mode selection 


Reception is enabled simultaneously by a read from the receive buffer register 
¢ Transfer clock output from multiple pins selection (UART1) (Note) 
UART1 transfer clock can be chosen by software to be output from one of 
the two pins set 
* Separate CTS/RTS pins (UARTO) (Note) 
UARTO CTS and RTS pins each can be assigned to separate pins 


Note 1: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be 
selected simultaneously. 
Note 2: Clock synchronous serial I/O mode cannot be used in UART2. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Clock synchronous serial I/O mode 


UARTI transmit/receive mode registers 


b7 b6 bS b4 b3 b2 bi b0 


Fol [ | [ [ofoft] —uiwmico.1) —oaaois,03Asi0 0016 


b2 b1 bO 


0 0 1 : Clock synchronous serial 
1/O mode 


CKDIR Internal/external clock 0 : Internal clock 
select bit 1: External clock (Note) 
STPS 


PRY Invalid in clock synchronous serial I/O mode 


PRYE 


SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) 


Note : Set the corresponding port direction register to “O”. 


Figure 1.14.9. UARTIi transmit/receive mode register in clock synchronous serial I/O mode 
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Clock synchronous serial I/O mode 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Table 1.14.4 lists the functions of the input/output pins during clock synchronous serial I/O mode. This 
table shows the pin functions when the transfer clock output from multiple pins and the separate CTS/ 
RTS pins functions are_not selected. Note that for a period from when the UARTIi operation mode is 
selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel open-drain is selected, this 
pin is in floating state.) 


Table 1.14.4. Input/output pin functions in clock synchronous serial I/O mode 


Function Method of selection 


TxDi 
(P63, P67) 


Serial data output 


(Outputs dummy data when performing reception only) 


RxDi 
(P62, P66) 


Serial data input 


Port P62 and P6é direction register (bits 2 and 6 at address 03EE16)= “0” 
(Can be used as an input port when performing transmission only) 


CLKi 
(P61, P65) 


Transfer clock output 


Transfer clock input 


Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “0” 


Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1” 
Port P61 and P65 direction register (bits 1 and 5 at address O3EE16) = “0” 


CTSI/RTSI 
(P60, P64) 


Programmable I/O 
port 


CTS/RTS disable bit (bit 4 at address 03A416, 0O3AC16) =“0” 
CTS/RTS function select bit (bit 2 at address 03A416, O3AC16) = “O” 
Port P60 and P64 direction register (bits 0 and 4 at address 03EE16) = “0” 


CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “0” 
CTS/RTS function select bit (bit 2 at address 03A416, O83AC16) = “1” 


CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1” 


(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected) 


Note: Clock synchronous serial I/O mode cannot be used in UART2. 
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Clock synchronous serial I/O mode 


¢ Example of transmit timing (when internal clock is selected) 


Transfer clock 


Transmit enable 
bit (TE) 


Transmit buffer 
empty flag (TI) 
Transferred from UARTI transmit buffer register to UARTi transmit register 


CTSi 
Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “0” 
CLKi 


10 COOOHOOTEIOHOOHOOE_OOOHHOHE 
rasiereny —y 


Transmit interrupt 
request bit (IR) 


\ we 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_ ) are bit symbols. 


The above timing applies to the following settings: Tc = TCLK = 2(n + 1) /fi 
+ Internal clock is selected. fi: frequency of BRGi count source (f1, f8, £32) 
* CTS function is selected. n: value set to BRGi 
* CLK polarity select bit = “O”. 
¢ Transmit interrupt cause select bit = “O”. 


¢ Example of receive timing (when external clock is selected) 


Receive enable 
bit (RE) : 


Transmit enable : ; ; f : 
bit (TE) “Oo” Dummy data is set in UARTi transmit buffer register 


Transmit buffer ' 
empty flag (TI) “0” ' 


| Transferred from UARTI transmit buffer register to UARTIi transmit register 


RTSi 


CLKi 
Receive data is taken in 
RxDi 
Transferred from UARTI receive register Read out from UARTIi receive buffer register 


Receive complete to UARTI receive buffer register 
flag (Rl) 


Receive interrupt oe 
request bit (IR) 40" ye 


Cleared to “0” when interrupt request is accepted, or cleared by software 


Shown in (_) are bit symbols. 


The above timing applies to the following settings: Meet the following conditions are met when the CLK 
« External clock is selected. input before data reception = “H” 
+ RTS function is selected. * Transmit enable bit — “1” 
* CLK polarity select bit = “O”. * Receive enable bit > “1” 
+ Dummy data write to UARTIi transmit buffer register 
fEXT: frequency of external clock 


Figure 1.14.10. Typical transmit/receive timings in clock synchronous serial I/O mode 
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Clock synchronous serial I/O mode 


(a) Polarity select function 
As shown in Figure 1.14.11, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16) allows 
selection of the polarity of the transfer clock. 


* When CLK polarity select bit = “0” 


f 


Note 1: The CLK pin level when not 
Del Be K BE: X BB X Bs X ai transferring data is “H”. 


D1 
X 


Xx 
bi X D2 X D3 X Da X Ds X De X D7 


¢ When CLK polarity select bit = “1” 
t | 
x 
X 


Note 2: The CLK pin level when not 
D2 )X D3 De D4 x D5 x Dé x D7 transferring data is “L”. 


X 
Z 
X D2 X D3 X Da X Ds X Dé X D7 


Figure 1.14.11. Polarity of transfer clock 


(b) LSB first/MSB first select function 
As shown in Figure 1.14.12, when the transfer format select bit (bit 7 at addresses 03A416, 03AC16) = 
“Q”, the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”. 


¢ When transfer format select bit = “O” 


CLKi 
TXDi X DO X D1 X D2 X D3 X D4 X Ds X De X D7 
RXDi X Do X D1 X D2 X D3 X D4 X D5 X De X D7 


=> LSB first 


* When transfer format select bit = “1” 


CLKi 
TXDi D7 X De X Ds X D4 X D3 X D2 X D1 X Do 
RXDi X pz X De X D5 X D4 X D3 X D2 X D1 X Do 


=> MSB first 


Note: This applies when the CLK polarity select bit = “O”. 


Figure 1.14.12. Transfer format 
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(c) Transfer clock output from multiple pins function (UART1) 
This function allows the setting two transfer clock output pins and choosing one of the two to output a 
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 1.14.3.) 
The multiple pins function is valid only when the internal clock is selected for UART1. Note that when 
this function is selected, UART1 CTS/RTS function cannot be used. 


Microcomputer 


TxD1 (P67) 


CLKS1 (P64) 


CLK1 (P65) 


Note: This applies when the internal clock is selected and transmission 
is performed only in clock synchronous serial I/O mode. 


Figure 1.14.13. The transfer clock output from the multiple pins function usage 


(d) Continuous receive mode 
If the continuous receive mode enable bit (bits 2 and 3 at address 03B016, bit 5 at address 037D16) is 
set to “1”, the unit is placed in continuous receive mode. In this mode, when the receive buffer register 
is read out, the unit simultaneously goes to a receive enable state without having to set dummy data to 
the transmit buffer register back again. 


(e) Separate CTS/RTS pins function (UARTO) 
This function works the same way as in the clock asynchronous serial I/O (UART) mode. The method 
of setting and the input/output pin functions are both the same, so refer to select function in the next 
section, “(2) Clock asynchronous serial I/O (UART) mode.” Note that this function is invalid if the 
transfer clock output from the multiple pins function is selected. 
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(2) Clock asynchronous serial I/O (UART) mode 


The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer 
data format. Tables 1.14.5 and 1.14.6 list the specifications of the UART mode. Figure 1.14.15 shows 
the UARTI transmit/receive mode register. 


Table 1.14.5. Specifications of UART Mode (1) 


Item Specification 


Transfer data format 


* Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected 
* Start bit: 1 bit 

¢ Parity bit: Odd, even, or nothing as selected 

* Stop bit: 1 bit or 2 bits as selected 


Transfer clock 


¢ When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816 = “O”) 
: fi/16(n+1) (Note 1) fi = f1, fs, f32 

« When external clock is selected (bit 3 at addresses 03A016, 03A816 ="1”) 

: fEXT/16(n+1)(Note 1,2,4) 


Transmission/reception control 


¢ CTS function/RTS function/CTS, RTS function chosen to be invalid (Note 5) 


Transmission start condition 


¢ To start transmission, the following requirements must be met: 

- Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1” 

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “O” 
- When CTS function selected, CTS input level = “L” 


Reception start condition 


¢ To start reception, the following requirements must be met: 
- Receive enable bit (bit 2 at addresses 03A516, O3AD16, 037D16) = “1” 
- Start bit detection 


Interrupt request 
generation timing 


¢ When transmitting 

- Transmit interrupt cause select bits (bits 0,1 at address 03B016, bit4 at 
address 037D16) = “0”: Interrupts requested when data transfer from UARTi 
transfer buffer register to UARTi transmit register is completed 

- Transmit interrupt cause select bits (bits 0, 1 at address 03B016, bit4 at 
address 037D16) = “1”: Interrupts requested when data transmission from 
UARTi transfer register is completed 

« When receiving 

- Interrupts requested when data transfer from UARTIi receive register to 
UARTIi receive buffer register is completed 


Error detection 


* Overrun error (Note 3) 
This error occurs when the next data is ready before contents of UARTi 
receive buffer register are read out 

¢ Framing error 
This error occurs when the number of stop bits set is not detected 

¢ Parity error 
This error occurs when if parity is enabled, the number of 1’s in parity and 
character bits does not match the number of 1’s set 

¢ Error sum flag 
This flag is set (= 1) when any of the overrun, framing, and parity errors is 
encountered 


Note 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTi bit rate generator. 

Note 2: fExT is input from the CLKi pin. 

Note 3: If an overrun error occurs, the UARTIi receive buffer will have the next data written in. Note also that 
the UARTI receive interrupt request bit is not set to “1”. 

Note 4: Since CLK2 does not have external port, external clock cannot be selected as UART2 transfer clock. 

Note 5: Since CTS2/RTS2 does not have external port, select CTS/RTS function inhavit (bit 4 at 0837C16 = “1”). 
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Table 1.14.6. Specifications of UART Mode (2) 


Item Specification 


* Separate CTS/RTS pins (UARTO) 
UARTO CTS and RTS pins each can be assigned to separate pins 

* Sleep mode selection (UARTO, UART1) 
This mode is used to transfer data to and from one of multiple slave micro- 
computers 


Select function 


* Serial data logic switch (UART2) 
This function is reversing logic value of transferring data. Start bit, parity bit 
and stop bit are not reversed. 

¢ TxD, RxD I/O polarity switch (UART2) 
This function is reversing TxD port output and RxD port input. All I/O data 
level is reversed. 
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UARTIi transmit / receive mode registers 


b7-_b6_ 305. 1b4 163 2 bi, “b0 Symbol Address When reset 
UiMR(i=0,1) 03A016, 03A816 0016 


Serial I/O mode select bit | °°"? lo'o| 
100: Transfer data 7 bits long 
101: Transfer data 8 bits long loio 
110: Transfer data 9 bits long lo10) 


CKDIR Internal / external clock q : Internal clock 
select bit : External clock (Note) 
STPS Stop bit length select bit r One stop bit 
: Two stop bits 
Odd / even parity Valid when bit 6 = “1” 


select bit - Odd parity 
: Even parity 


PRYE Parity enable bit rte Parity disabled 
: Parity enabled 

SLEP Sleep select bit re Sleep mode deselected 
: Sleep mode selected 


Note : Set the corresponding port direction register to “O”. 


UART2 transmit / receive mode register 


Bi 2B6 208. bas 1D3. 2b2 iBT b0 Symbol Address When reset 
U2MR 037816 0016 


| SMDO__| Serial I/O mode select bit | °°?" 
100: Transfer data 7 bits long 


101: Transfer data 8 bits long 
110: Transfer data 9 bits long 


_— Internal / external clock Must always be fixed to “O”. 
select bit 
| eee as Stop bit length select bit ne One stop bit 
: Two stop bits 
ae / even parity Valid when bit 6 = “1” 
select bit ne Odd parity 
: Even parity 
eiGan poe, oil enable bit re Parity disabled 
: Parity enabled 
aes TxD, RxD (een) polarity 0 : No reverse 
reverse bit (Note) 1 : Reverse 


Note: Usually set to “O”. 


Figure 1.14.15. UARTi transmit/receive mode register in UART mode 
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Table 1.14.7 lists the functions of the input/output pins during UART mode. This table shows the pin 
functions when the separate CTS/RTS pins function is not selected. Note that for a period from when the 
UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel 
open-drain is selected, this pin is in floating state.) 


Table 1.14.7. Input/output pin functions in UART mode 


Function Method of selection 


TxDi Serial data 


RxDi Serial data Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE16, 
(P62, P66, P71) | input bit 1 at address O3EF16)= “0” 
(Can be used as an input port when performing transmission only) 


CLKi Programmable | Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “0” 
(P61, P65) I/O port 


Transfer clock | Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1” 
input Port P61 and P65 direction register (bits 1 and 5 at address O03EE16) = “0” 


CTSi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) =“0” 
(P60, P64) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “0” 
Port P60 and P64 direction register (bits 0 and 4 at address O3EE16) = “0” 


CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “0” 
CTS/RTS function select bit (bit 2 at address 03A416, O3AC16) = “1” 


Programmable | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1” 
I/O port 


(when separate CTS/RTS pins function is not selected) 

Note 1: Since CLK2(P72) does not have external port, use internal as UART2 transfer clock. 

Note 2: Since CTS2/RTS2(P73) does not have external port, select CTS/RTS function inhavit (bit 4 at address 
037C16 = “1”). 
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« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit) 


The transfer clock stops momentarily as CTS is “H” when the stop bit is checked. 
The transfer clock starts as the transfer starts immediately CTS changes to “L”. 


Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(T1) 


CTSi 


TxDi 


Transmit register 
empty flag (TXEPT) 


Transmit interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : Te = 16 (n+ 1) /fi or 16 (n + 1) / fexT 
+ Parity is enabled. fi : frequency of BRGi count source (f1, f8, £32) 
* One stop bit. fEXT : frequency of BRGi count source (external clock) 
+ CTS function is selected. n: value set to BRGi 
* Transmit interrupt cause select bit = “1”. 


Note: CTS2 does not have external port so that this porrt function cannot be used. 


« Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits) 


Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer 
empty flag(Tl) 


Transferred from UARTI transmit buffer register to UARTi transmit register 


Stop Stop 
bit 


TxDi 


Transmit register ; 
empty flag (TXEPT) , 0” 


Transmit interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_ ) are bit symbols. 


The above timing applies to the following settings : Tc = 16 (n+ 1)/fi or 16 (n + 1) / fext 
+ Parity is disabled. fi : frequency of BRGi count source (f1, f8, £32) 
* Two stop bits. fEXT : frequency of BRGi count source (external clock) 
* CTS function is disabled. n: value set to BRGi 
* Transmit interrupt cause select bit = “O”. 


Figure 1.14.16. Typical transmit timings in UART mode(UARTO, UART1) 
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Transfer clock 


Transmit enable “it 7 
bit(TE) “9” Data is set in UART2 transmit buffer register i 


i Note 


Transmit buffer SS 
empty flag(TI 
pty flag(T!) - AN 


Transferred from UART2 transmit buffer register to UARTi transmit register 
Start Parity Stop 
; bit bit 


LOSOOOBOO™>, \sHOOBOOOOL™ 


Transmit register 
empty flag (TXEPT) «q» 


Transmit interrupt 
request bit (IR) 


~< we 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings: Tc =16(n+1)/fi 
+ Parity is enabled. fi : frequency of BRG2 count source (f1, f8, £32) 
* One stop bit. n: value set to BRG2 
* Transmit interrupt cause select bit = “1”. 


Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing. 


Figure 1.14.17. Typical transmit timings in VART mode(UART2) 
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« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit) 


BRGi count 
source 


“4? 
Receive enable bit “9” 


RxDi 


Receive data taken in 


Transfer clock a [i 


Reception triggered when transfer clock Transferred from UARTi receive register to 


Receive “1” is generated by falling edge of start bit UARTI receive buffer register ——g 


complete flag — 

RTSi 2, ————SS — ese 

Receive interrupt «4 

request bit “9” eS (fs ee 
Cleared to “O” when interrupt request is accepted, or cleared by software 


The above timing applies to the following settings : 
Parity is disabled. 
*One stop bit. 
*RTS function is selected. 


Note: RTS in UART2 is not connected to the outside. 


Figure 1.14.18. Typical receive timing in UART mode 


(a) Separate CTS/RTS pins function (UARTO) 
Setting the CTS/RTS separate bit (bit 6 of address 03B016) to “1” inputs/outputs the CTS signal and 
RTS signal from different pins. Choose which to use, CTS or RTS, by use of the CTS/RTS function 
select bit (bit 2 of address 03A416). This function is effective in UARTO only. With this function cho- 
sen, the user cannot use the CTS/RTS function. Set "0" both to the CTS/RTS function select bit (bit 
2 of address 03AC16) and to the CTS/RTS disable bit (bit 4 of address 03AC16). 


Microcomputer 
TxDo (P63) 


RxDo (P62) 


RTSO (P60) 


CTSO (P64) 


Note : The user cannot use CTS and RTS at the same time. 


Figure 1.14.19. The separate CTS/RTS pins function usage 


(b) Sleep mode (UARTO, UART1) 
This mode is used to transfer data between specific microcomputers among multiple microcomputers 
connected using UARTi. The sleep mode is selected when the sleep select bit (bit 7 at addresses 
03A016, 03A816) is set to “1” during reception. In this mode, the unit performs receive operation when 
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0”. 
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(c) Function for switching serial data logic (UART2) 
When the data logic select bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to the 
transmission buffer register or reading the reception buffer register. Figure 1.14.20 shows the ex- 
ample of timing for switching serial data logic. 


« When LSB first, parity enabled, one stop bit 


TxD “H 
(epee ST 4_D0 f_D1 }_b2 j 03 f D4 f_D5 {_D6 D7 }_P } SP 


(late) st (0 \ br {be \ 3 Xs {bs Xs (o7 XY SP 


ST : Start bit 
P : Even parity 
SP : Stop bit 


Figure 1.14.20. Timing for switching serial data logic 


(d) TxD, RxD I/O polarity reverse function (UART2) 
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output 
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “O” (not to reverse) for 
usual use. 


(e) Bus collision detection function (UART2) 
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising 
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.14.21 
shows the example of detection timing of a buss collision (in UART mode). 


Transfer clock = ———]_ LALA LE LE LEE 


Txb2- °2% ST SP 
ap 
RxD2 ST 


Bus collision detection 
interrupt request signal 


Bus collision detection 
interrupt request bit 


ST : Start bit 
SP : Stop bit 


Figure 1.14.21. Detection timing of a bus collision (in UART mode) 
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(3) Clock-asynchronous serial I/O mode (used for the SIM interface) 
The SIM interface is used for connecting the microcomputer with a memory card or the like; adding some 
extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function. Table 
1.14.8 shows the specifications of clock-asynchronous serial I/O mode (used for the SIM interface). 


Table 1.14.8. Specifications of clock-asynchronous serial I/O mode (used for the SIM interface) 
Transfer data format ¢ Transfer data 8-bit UART mode (bit 2 through bit 0 of address 037816 = “1012”) 
* One stop bit (bit 4 of address 037816 = “O”) 
¢ With the direct format chosen 
Set parity to “even” (bit 5 and bit 6 of address 037816 = “1” and “1” respectively) 
Set data logic to “direct” (bit 6 of address 037D16 = “O”). 
Set transfer format to LSB (bit 7 of address 037C16 = “O”). 
¢ With the inverse format chosen 
Set parity to “odd” (bit 5 and bit 6 of address 037816 = “0” and “1” respectively) 
Set data logic to “inverse” (bit 6 of address 037D16 = “1”) 
Set transfer format to MSB (bit 7 of address 037C16 = “1”) 
Transfer clock ¢ With the internal clock chosen (bit 3 of address 037816 = “O”) : fi/ 16 (n+ 1) 
(Note 1) : fi=f1, f8, f82 
Transmission / reception control | * Disable the CTS and RTS function (bit 4 of address 037C16 = “1”) 
Other settings ¢ The sleep mode select function is not available for UART2 
* Set transmission interrupt factor to “transmission completed” (bit 4 of address 037D16 = “1”) 
Transmission start condition] * To start transmission, the following requirements must be met: 
- Transmit enable bit (bit O of address 037D16) = “1” 
- Transmit buffer empty flag (bit 1 of address 037D16) = “O” 
Reception start condition | * To start reception, the following requirements must be met: 
- Reception enable bit (bit 2 of address 037D16) = “1” 
- Detection of a start bit 
Interrupt request * When transmitting 
generation timing When data transmission from the UART2 transfer register is completed 
(bit 4 of address 037D16 = “1”) 
¢ When receiving 
When data transfer from the UART2 receive register to the UART2 receive 
buffer register is completed 
Error detection * Overrun error (see the specifications of clock-asynchronous serial I/O) (Note 2) 
* Framing error (see the specifications of clock-asynchronous serial I/O) 
¢ Parity error (see the specifications of clock-asynchronous serial I/O) 
- On the reception side, an “L” level is output from the TxD2 pin by use of the parity error 
signal output function (bit 7 of address 037D16 = “1”) when a parity error is detected 
- On the transmission side, a parity error is detected by the level of input to 
the RxD2 pin when a transmission interrupt occurs 
« The error sum flag (see the specifications of clock-asynchronous serial I/O) 
Note 1: ‘n’ denotes the value 0016 to FF 16 that is set to the UARTi bit rate generator. 
Note 2: If an overrun error occurs, the UART2 receive buffer will have the next data written in. Note also 
that the UARTi receive interrupt request bit is not set to “1”. 
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Transfer clock 


Transmit enable 
bit(TE) 


Transmit buffer : 
empty flag(TI) Me : \ 


Transferred from UART2 transmit buffer register to UART2 transmit register 


Parity Stop 
TxD2 


RxD2 
A “L’ level returns from TxD2 due to ue 
the occurrence of a parity error. 


Signal conductor level > \ [the level is 

(Note 1) : detected by the 
: | The level is detected by the interrupt routine. 

Transmit register ale 4 interrupt routine. 

empty flag (TXEPT) .., 


Transmit interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings: Tc =16 (n+ 1)/fi 
+ Parity is enabled. fi : frequency of BRG2 count source (f1, f8, £32) 
* One stop bit. n: value set to BRG2 
« Transmit interrupt cause select bit = “1”. 


Note 1: Equal in waveform because TxD2 and RxD2 are connected. 
Note 2: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing. 


Transfer clock 


Receive enable 
bit (RE) my: 
Parity Stop 
bit 


RxD2 


TxD2 FZ 
A “L’ level returns from TxD2 due to i 

the occurrence of a parity error. H 

Signal conductor level 

(Note ) 


Receive complete 
flag (Rl) 


Read to receive buffer 
Receive interrupt 
request bit (IR) 


Cleared to “0” when interrupt request is accepted, or cleared by software 
Shown in (_) are bit symbols. 


The above timing applies to the following settings: Tc =16 (n+ 1)/fi 
+ Parity is enabled. fi : frequency of BRG2 count source (f1, f8, £32) 
* One stop bit. n: value set to BRG2 
* Transmit interrupt cause select bit = “0”. 


Note: Equal in waveform because TxD2 and RxD2 are connected. 


Figure 1.14.22. Typical transmit/receive timing in UART mode (used for the SIM interface) 
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(a) Function for outputting a parity error signal 
With the error signal output enable bit (bit 7 of address 037D16) assigned “1”, you can output an “L” 
level from the TxD2 pin when a parity error is detected. In step with this function, the generation timing 
of a transmission completion interrupt changes to the detection timing of a parity error signal. Figure 
1.14.23 shows the output timing of the parity error signal. 


¢ LSB first 
ssp a lt ay ep EF el tn HO 
clock ‘L’” 
RxD2 st {D0 Yt Y 62 Ya Y D4 Ys X06 {07 XP Y SP 


TxD2 Hirz 
Receive “1” CC 
complete flag “0” 


ST : Start bit 
P : Even Parity 
SP : Stop bit 


Figure 1.14.23. Output timing of the parity error signal 


(b) Direct format/inverse format 
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose 
the direct format, Do data is output from TxD2. If you choose the inverse format, D7 data is inverted 
and output from TxD2. 
Figure 1.14.24 shows the SIM interface format. 


Transfer 
cleck 


TxD2 
(direct) 


TxD2 
(inverse) 


P : Even parity 


Figure 1.14.24. SIM interface format 
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Figure 1.14.25 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply 
pull-up. 


Microcomputer 


SIM card 


Figure 1.14.25. Connecting the SIM interface 
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The UART2 special mode register (address 037716) is used to control UART2 in various ways. 
Figure 1.14.26 shows the UART2 special mode register. 


UART2 special mode register 


b7 b6 bS b4 b3 b2 bi b0 


PTT TITTLE) — tes 


Address When reset 
037716 0016 


(During clock synchronous 


Bit Function 
symbol Bit name 


serial I/O mode) 


IICM 12C mode selection bit ie Normal mode 
; : 12C mode 


Function 
(During UART mode) 
Must always be “0” 2 


Arbitration lost detecting He Update per bit Must always be “0” 
flag control bit : Update per byte 


Bus busy flag 


0: STOP condition detected 
1: START condition detected 


Must always be “0” 


SCLL sync output 0 : Disabled 


enable bit 


1 : Enabled 


Must always be “0” 


ABSCS | Bus collision detect Must always be “O” 


sampling clock select bit 


ACSE Auto clear function 
select bit of transmit 
enable bit 

SsSs 


Transmit start condition Must always be “0” 


select bit 


0 : Rising edge of transfer 
clock 
: Underflow signal of timer AO 


Must always be “0” . No auto clear function 
: Auto clear at occurrence of 
bus collision 


0 : Ordinary 
1: Falling edge of RxD2 


Reserved bit 


Always set to “0” 


Note 1: Nothing but “O” may be written. 
Note 2: UART2 clock synchronous serial I/O mode cannot be used in M16C/62 (80-pin version) group. 


Figure 1.14.26. UART2 special mode register 


Table 1.14.8. Features in I°C mode 


Function 
1 | Factor of interrupt number 10 (Note 2) 


Factor of interrupt number 15 (Note 2) 


Normal mode 
Bus collision detection 


UART2 transmission 


I?C mode (Note 1) 


Start condition detection or stop 
condition detection 


No acknowledgment detection (NACK) 


Factor of interrupt number 16 (Note 2) 


UART2 reception 


Acknowledgment detection (ACK) 


P70 at the time when UART2 is in use 
P71 at the time when UART2 is in use 


2 

3 

4 | UART2 transmission output delay 

5 

6 

7 | P72 at the time when UART2 is in use 


Not delayed 


Delayed 


TxD2 (output) 
RxDz2 (input) 
CLK2 


SDA (input/output) (Note 3) 
SCL (input/output) 
P72 


DMA‘ factor at the time when 1 1 0 1 is assigned 
to the DMA request factor selection bits 


UART2 reception 


Acknowledgment detection (ACK) 


9 | Noise filter width 
10] Reading P71 


11] Initial value of UART2 output 


15ns 


Reading the terminal when 0 is 
assigned to the direction register 


H level (when 0 is assigned to 
the CLK polarity select bit) 


50ns 


Reading the terminal regardless of the 
value of the direction register 


The value set in latch P70 when the port is 
selected 


Note 1: Make the settings given below when IC. mode is in use. 
Set 0 1 Oin bits 2, 1, 0 of the UART2 transmission/reception mode register. 
Disable the RTS/CTS function. Choose the MSB First function. 
Note 2: Follow the steps given below to switch from a factor to another. 
1. Disable the interrupt of the corresponding number. 


2. Switch from a factor to another. 


3. Reset the interrupt request flag of the corresponding number. 
4. Set an interrupt level of the corresponding number. 
Note 3: Set an initial value of SDA transmission output when serial I/O is invalid. 
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In the first place, the control bits related to the IC bus(simplified I2@C bus) interface are explained. 

Bit 0 of the UART special mode register (037716) is used as the I2C mode selection bit. 

Setting “1” in the I2C mode select bit (bit 0) goes the circuit to achieve the |?C bus (simplified I@C bus) 
interface effective. 

Table 1.14.9 shows the relation between the I2C mode select bit and respective control workings. 
Since this function uses clock-synchronous serial I/O mode, set this bit to “O” in UART mode. 


P7o through P72 conforming to the simplified |2C bus 


A > To DMAO, DMA1 
Timer UART2 transmission/ 
Poco vo IICM=1 Tanginission cM=0 = NACK interrupt 
UART2 as delay T register request 
IICM=1 ¢ 


feM=0 
vant > To DMAO 


Oh 
Arbitration UART2 reception/ACK 
lICM=1 IICM=0 interrupt request 
3 7 7 = DMA‘ request 
520 Reception register 


IART2 2 
: lICM=1 


P70/TxD2/SDA 


I 
[— Bus busy 


L-synchronous 
output enabling bit 


P71/RxD2/SCL 


ACK 


(Port P71 output data latch) Sth pulse Bus collision/start, stop 
lIICM=1 condition detection 


|, VART2, __ Internal clock L__, interrupt request 
IICM=1 Bus collision —+o 
\ICM=1 detection IICM=0 


External clock 


P-L] Noize ee 
| Filter cM=0 UART2 


> Port reading 


ART2_lICM=0 * With IICM set to 1, the port terminal is to be readable 
P72iCLK2 sca 10 even if 1 is assigned to P71 of the direction register. 
Timer Note: P72/CLK2 is not connected to the outside. 


Figure 1.14.27. Functional block diagram for I@C mode 


Figure 1.14.27 shows the functional block diagram for I2C mode. Setting “1” in the I2C mode selection bit 
(IICM) causes ports P70, P71, and P72 to work as data transmission-reception terminal SDA, clock input- 
output terminal SCL, and port P72 respectively. A delay circuit is added to the SDA transmission output, 
so the SDA output changes after SCL fully goes to “L”. An attempt to read Port P71 (SCL) results in 
getting the terminal’s level regardless of the content of the port direction register. The initial value of SDA 
transmission output in this mode goes to the value set in port P7o. The interrupt factors of the bus collision 
detection interrupt, UART2 transmission interrupt, and of UART2 reception interrupt turn to the start/stop 
condition detection interrupt, acknowledgment non-detection interrupt, and acknowledgment detection 
interrupt respectively. 

The start condition detection interrupt refers to the interrupt that occurs when the falling edge of the SDA 
terminal (P70) is detected with the SCL terminal (P71) staying “H”. The stop condition detection interrupt 
refers to the interrupt that occurs when the rising edge of the SDA terminal (P70) is detected with the SCL 
terminal (P71) staying “H”. The bus busy flag (bit 2 of the UART2 special mode register) is set to “1” by the 
start condition detection, and set to “0” by the stop condition detection. 
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The acknowledgment non-detection interrupt refers to the interrupt that occurs when the SDA terminal 
level is detected still staying “H” at the rising edge of the 9th transmission clock. The acknowledgment 
detection interrupt refers to the interrupt that occurs when SDA terminal’s level is detected already went 
to “L” at the 9th transmission clock. Also, assigning 1 1 0 1 (UART2 reception) to the DMA1 request factor 
select bits provides the means to start up the DMA transfer by the effect of acknowledgment detection. 
Bit 1 of the UART2 special mode register (037716) is used as the arbitration loss detecting flag control bit. 
Arbitration means the act of detecting the nonconformity between transmission data and SDA terminal 
data at the timing of the SCL rising edge. This detecting flag is located at bit 3 of the UART2 reception 
buffer register (037F 16), and “1” is set in this flag when nonconformity is detected. Use the arbitration lost 
detecting flag control bit to choose which way to use to update the flag, bit by bit or byte by byte. When 
setting this bit to “1” and updated the flag byte by byte if nonconformity is detected, the arbitration lost 
detecting flag is set to “1” at the falling edge of the 9th transmission clock. 

If update the flag byte by byte, must judge and clear (“0”) the arbitration lost detecting flag after complet- 
ing the first byte acknowledge detect and before starting the next one byte transmission. 

Bit 3 of the UART2 special mode register is used as SCL- and L-synchronous output enable bit. Setting 
this bit to “1” goes the P71 data register to “O” in synchronization with the SCL terminal level going to “L”. 
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Some other functions added are explained here. Figure 1.14.28 shows their workings. 

Bit 4 of the UART2 special mode register is used as the bus collision detect sampling clock select bit. The 
bus collision detect interrupt occurs when the RxD2 level and TxD2 level do not match, but the nonconfor- 
mity is detected in synchronization with the rising edge of the transfer clock signal if the bit is set to “O”. If 
this bit is set to “1”, the nonconformity is detected at the timing of the overflow of timer AO rather than at 
the rising edge of the transfer clock. 

Bit 5 of the UART2 special mode register is used as the auto clear function select bit of transmit enable 
bit. Setting this bit to “1” automatically resets the transmit enable bit to “O” when “1” is set in the bus 
collision detect interrupt request bit (nonconformity). 

Bit 6 of the UART2 special mode register is used as the transmit start condition select bit. Setting this bit 
to “1” starts the TxD transmission in synchronization with the falling edge of the RxD terminal. 


. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register) 
0: Rising edges of the transfer clock 


TxD/RxD 


t,---77 1: Timer AO overflow 


Timer AO 


LK Lf P LG 
TxD/RxD | 


Bus collision 
detect interrupt 
request bit 


Transmit 
enable bit 


3. Transmit start condition select bit (Bit 6 of the UART2 special mode register) 
0: In normal state 


TxD i 


Enabling transmission 


With "1: falling edge of RxD2" selected 


CLK 


Figure 1.14.28. Some other functions added 
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UART2 Special Mode Register 2 
UART2 special mode register 2 (address 037616) is used to further control UART2 in |2C mode, but is not 
exsist in M30623EC. Figure 1.14.29 shows the UART2 special mode register 2. 


UART2 special mode register 2 


b7 b6 b5 b4 b3 b2 bt b0 
Symbol Address When reset 


U2SMR2 037616 0016 


Bit name Function 


12C mode selection bit2 | Refer to Table 1.14.10 


[onne) 


CSC Clock-synchronous bit 0 : Disabled 
1: Enabled 


SWC SCL wait output bit 0 : Disabled 
1 : Enabled 
ASL SDA output stop bit 0 : Disabled 
1: Enabled 
STAC _ | UART2 initialization bit 0 : Disabled 
1 : Enabled 
SWC2_ | SCL wait output bit 2 0: UART2 clock 
1: 0 output 
SDHI SDA output disable bit 0: Enabled 
1: Disabled (high impedance) 
SHTC | Start/stop condition Set this bit to “1” in I2C mode 
control bit (refer to Table 1.14.11) 


Figure 1.14.29. UART2 special mode register 2 
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Bit 0 of the UART2 special mode register 2 (address 037616) is used as the I2C mode selection bit 2. 
Table 1.14.10 shows the types of control to be changed by I?C mode selection bit 2 when the I2C mode 
selection bit is set to "1". Table 1.14.11 shows the timing characteristics of detecting the start condition 
and the stop condition. Set the start/stop condition control bit (bit 7 of UART2 special mode register 2) to 
"{" in 2C mode. 


Table 1.14.10. Functions changed by I2C mode selection bit 2 


1 | Factor of interrupt number 15 No acknowledgment detection (NACk) | UART2 transmission (the rising edge 
of the final bit of the clock) 


2 | Factor of interrupt number 16 Acknowledgment detection (ACK) UART2 reception (the falling edge 
of the final bit of the clock) 


3 |DMA1 factor at the time when 1 1 0 1 | Acknowledgment detection (ACK) UART2 reception (the falling edge of 
is assigned to the DMA request the final bit of the clock) 
factor selection bits 


4 | Timing for transferring data from the | The rising edge of the final bit of the | The falling edge of the final bit of the 
UART2 reception shift register to the | reception clock reception clock 
reception buffer. 


5 | Timing for generating a UART2 The rising edge of the final bit of the The falling edge of the final bit of the 
reception/ACK interrupt request reception clock reception clock 


Table 1.14.11. Timing characteristics of detecting the start condition and the stop condition 


3 to 6 cycles < duration for setting-up (Note2) 


3 to 6 cycles < duration for holding (Note2) 


Note 1 : When the start/stop condition count bit is "1". 
Note 2 : "cycles" is in terms of the input oscillation frequency f(XIN) of the main clock. 


Duration for Duration for, 
setting up holding 
SCL | 


SDA 


(Start condition) | | 


SDA 
(Stop condition) ==? Pt 
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P70/TXD2/SDA 


To DMAO, DMA1 


IICM=0 
or UART2 transmission/ 
IICM2=1 NACK interrupt 
Transmission register request 

NICM=1 % 

and IICM2=0 


A 


t+—» To DMAO 


IICM=0 
or IICM2=1 


UART2 reception/ACK interrupt request 
DMA1 request 


-—>o - 
IICM=1 
and IICM2=0 


Start condition detection 


Stop condition detection 


7 L-synchronous 
Falling edge|«— output enabling bit 


detection 


P71/RXD2/SCL 
On 


Selector gin pulse licM=1 Bus collision/start, stop condition detection 
interrupt request 


Bus collision —+o Y 


CLIK detection IICM=0 


External clock| °°"! spr 
+» | 


R ee Falling of 9th pulse 
s ies Raa SWC 


Port reading 


* With IICM set to 1, the port terminal is to be readable 
P72/CLKe IICM=0 even if 1 is assigned to P71 of the direction register. 


Ox Px}—_ Selector 0 


<«— Timer Note: P72/CLK2 is not connected to the outside. 


Figure 1.14.30. Functional block diagram for I2C mode 


Functions available in I2C mode are shown in Figure 1.14.30 — a functional block diagram. 

Bit 3 of the UART2 special mode register 2 (address 037616) is used as the SDA output stop bit. Setting 
this bit to "1" causes an arbitration loss to occur, and the SDA pin turns to high-impedance state the 
instant when the arbitration loss detection flag is set to "1". 

Bit 1 of the UART2 special mode register 2 (address 037616) is used as the clock synchronization bit. 
With this bit set to "1" at the time when the internal SCL is set to "H", the internal SCL turns to "L" if the 
falling edge is found in the SCL pin; and the baud rate generator reloads the set value, and start counting 
within the "L" interval. When the internal SCL changes from "L" to "H" with the SCL pin set to "L", stops 
counting the baud rate generator, and starts counting it again when the SCL pin turns to "H". Due to this 
function, the UART2 transmission-reception clock becomes the logical product of the signal flowing 
through the internal SCL and that flowing through the SCL pin. This function operates over the period 
from the moment earlier by a half cycle than falling edge of the UART2 first clock to the rising edge of the 
ninth bit. To use this function, choose the internal clock for the transfer clock. 

Bit 2 of the UART2 special mode register 2 (037616) is used as the SCL wait output bit. Setting this bit to 
"1" causes the SCL pin to be fixed to "L" at the falling edge of the ninth bit of the clock. Setting this bit to 
"0" frees the output fixed to "L". 
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Bit 4 of the UART2 special mode register 2 (address 037616) is used as the UART2 initialization bit. 

Setting this bit to "1", and when the start condition is detected, the microcomputer operates as follows. 

(1) The transmission shift register is initialized, and the content of the transmission register is transferred 
to the transmission shift register. This starts transmission by dealing with the clock entered next as the 
first bit. The UART2 output value, however, doesn’t change until the first bit data is output after the 
entrance of the clock, and remains unchanged from the value at the moment when the microcomputer 
detected the start condition. 

(2) The reception shift register is initialized, and the microcomputer starts reception by dealing with the 
clock entered next as the first bit. 

(3) The SCL wait output bit turns to "1". This turns the SCL pin to "L" at the falling edge of the ninth bit of 
the clock. 


Starting to transmit/receive signals to/from UART2 using this function doesn’t change the value of the 
transmission buffer empty flag. To use this function, choose the external clock for the transfer clock. 

Bit 5 of the UART2 special mode register 2 (037616) is used as the SCL pin wait output bit 2. Setting this 
bit to "1" with the serial I/O specified allows the user to forcibly output an "L" from the SCL pin even if 
UART2 is in operation. Setting this bit to "0" frees the "L" output from the SCL pin, and the UART2 clock 
is input/output. 

Bit 6 of the UART2 special mode register 2 (037616) is used as the SDA output disable bit. Setting this bit 
to "1" forces the SDA pin to turn to the high-impedance state. Refrain from changing the value of this bit 
at the rising edge of the UART2 transfer clock. There can be instances in which arbitration lost detection 
flag is turned on. 


¢ MITSUBISHI 
ELECTRIC 121 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
S 1/08, 4 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


S 1/03, 4 
S 1/03 and S 1/O4 are exclusive clock-synchronous serial I/Os. 
Figure 1.14.31 shows the S I/O3, 4 block diagram, and Figure 1.14.32 shows the S I/O3, 4 control register. 
Table 1.14.12 shows the specifications of S I/O3, 4. 


Data bus 


Synchronous 
circuit 


Transfer rate register (8) 


P9o/CLKs S I/O counter i (3) S V/Oi 


(P95/CLKa) interrupt request 


P92/SouT3 SMi5 LSB ——> MSB 
(P96/SouT4) 


PR (—_ S I/Oi transmission/reception register (8) 
7/SIN4 
ae, er 
Note 1:i = 3, 4. 


ni = A value set in the S I/O transfer rate register i (036316, 036716). 
Note 2: P91/SIN3 is not connected to outside. 


Figure 1.14.31. S 1/03, 4 block diagram 
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S I/Oi control register (i = 3, 4) (Note 1) 


b7_b6 b5 b4 b3 b2 bi b0 
Symbol Address When reset 


SiC 036216, 036616 4016 


Bit Descrinti | 


Internal synchronous y 6°. Selecting f1 
clock select bit 0 1 : Selecting fs 
10: Selecting f32 
1 1: Not to be used 


SMi2 | Souti output disable bit a Souti output 
: Souti output disable(high impedance) 
SMi3 | S I/Oi port select bit : Input-output port 
(Note 2) : Souti output, CLK function 


Nothing is assigned. 
In an attempt to write to this bit, write “O”. The value, if read, turns out to be “0”. 


SMi5 | Transfer direction select | 0: LSB first 
bit 1: MSB first 
SMi6 oe clock i External clock 
select bit (Note 2) : Internal clock 


SMi7 | Souti initial value Effective when SMi3 = 0 
set bit 0: L output 
1: H output 
Note 1: Set "1" in bit 2 of the protection register (O00A16) in advance to write to the 
S I/Oi control register (i = 3, 4). 
Note 2: When using the port as an input/output port by setting the SI/Oi port 
select bit (i = 3, 4) to "0", be sure to set the sync clock select bit to "1". 


SI/Oi bit rate generator 


Address When reset 
036316 Indeterminate 
036716 Indeterminate 


Indeterminate Values that can be set 


Assuming that set value = n, BRGi divides the count 0016 to FFie 
source by n + 1 


Symbol Address When reset 

S3TRR 036016 Indeterminate 

S4TRR 036416 Indeterminate 
Indeterminate 


Transmission/reception starts by writing data to this register. 
After transmission/reception finishes, reception data is input. 


Note: SI/O3 is exclusive to transmission. 


Figure 1.14.32. S 1/03, 4 related register 
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Table 1.14.12. Specifications of S 1/03, 4 


Item Specifications 


Transfer data format | * Transfer data length: 8 bits 

Transfer clock ¢ With the internal clock selected (bit 6 of 086216, 036616 = “1”): f1/2(ni+1), 

f8/2(ni+1), f82/2(ni+1) (Note 1) 

With the external clock selected (bit 6 of 036216, 036616 = 0):Input from the CLKi terminal (Note 2) 

Conditions for To start transmit/reception, the following requirements must be met: 

transmission/ - Select the synchronous clock (use bit 6 of 086216, 036616). 

reception start Select a frequency dividing ratio if the internal clock has been selected (use bits 
0 and 1 of 036216, 036616). 

- SOUTI initial value set bit (use bit 7 of 0386216, 036616)= 1. 

- S I/Oi port select bit (bit 3 of 036216, 036616) = 1. 

- Select the transfer direction (use bit 5 of 036216, 036616) 

-Write transfer data to SI/Oi transmit/receive register (036016, 036416) 

To use § I/Oi interrupts, the following requirements must be met: 

- Clear the SI/Oi interrupt request bit before writing transfer data to the SI/Oi 
transmit/receive register (bit 3 of 004916, 004816) = 0. 

Interrupt request | « Rising edge of the last transfer clock. (Note 3) 

generation timing 

Select function ¢ LSB first or MSB first selection 

Whether transmission/reception begins with bit 0 (LSB) or bit 7 (MSB) can be 

selected. 

Function for setting an SOUTi initial value selection 

When using an external clock for the transfer clock, the user can choose the 

SOUT pin output level during a non-transfer time. For details on how to set, see 

Figure 1.14.33. 

Precaution Unlike UARTO-2, SI/Oi (i = 3, 4) is not divided for transfer register and buffer. 

Therefore, do not write the next transfer data to the SI/Oi transmit/receive register 

(addresses 036016, 036416) during a transfer. When the internal clock is selected 

for the transfer clock, SOuTi holds the last data for a 1/2 transfer clock period after 

it finished transferring and then goes to a high-impedance state. However, if the 

transfer data is written to the SI/Oi transmit/receive register (addresses 036016, 

036416) during this time, SOUTi is placed in the high-impedance state immediately 

upon writing and the data hold time is thereby reduced. 


Note 1: nis a value from 0016 through FF 16 set in the S I/Oi transfer rate register (i = 3, 4). 
Note 2: With the external clock selected: 
¢ Before data can be written to the SI/Oi transmit/receive register (addresses 036016, 036416), the 
CLKi pin input must be in the high state. Also, before rewriting the SI/Oi Control Register (addresses 
036216, 036616)’s bit 7 (SOUTI initial value set bit), make sure the CLKi pin input is held high. 
¢ The S I/Oi circuit keeps on with the shift operation as long as the synchronous clock is entered in it, 
so stop the synchronous clock at the instant when it counts to eight. The internal clock, if selected, 
automatically stops. 


Note 3: If the internal clock is used for the synchronous clock, the transfer clock signal stops at the “H” state. 
Note 4: SI/O3 is provided with no connection to the external pin, so is used exclusively for transmission. 
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S 1/03, 4 


@ Functions for setting an SouTi initial value 
When using an external clock for the transfer clock, the SOUTi pin output level during a non-transfer 
time can be set to the high or the low state. Figure 1.14.33 shows the timing chart for setting an SOUTi 
initial value and how to set it. 


(Example) With “H” selected for SOUTI: 


S I/Oi port select bit SMi3 = 0 


SOUTi initial value select bit 
SMi7 = 1 
(SouTi: Internal —> “H” level) 


Signal written to the S I/Oi 
transmission/reception 
register 


| 
| 
! 
| 
| 
@ 
Souti's initial value | 


set bit (SMi7) y 


S I/Oi port select bit 
SMi3 = 0 > 1 
(Port select: Normal port —> SouTi) 


SouTi terminal = “H” output 
Souti (internal) T 
Signal written to the S I/Oi register 
Port output \ DO en ee 
SouTi terminal output p > (Falling edge) 


l Initial value = “H” (Note) 
(i = 3, 4) Vv 
Setting the SouTi Port selection SouTi terminal = Outputting 
initial value toH (normal port —> Souri) stored data in the S I/Oi transmission/ 
reception register 


S |/Oi port select bit 
(SMi3) 


Note: The set value is output only when the external clock has been selected. When 
initializing SouTi, make sure the CLKi pin input is held “H” level. 
If the internal clock has been selected or if SouUT output disable has been set, 
this output goes to the high-impedance state. 


Figure 1.14.33. Timing chart for setting SOUTi’s initial value and how to set it 


HS 1/Oi operation timing 
Figure 1.14.34 shows the S I/Oi operation timing 


1.5 cycle (max) 
<—$—$——— 


SI/Oi internal clock 


Transfer clock 
(Note 1) 

Signal written to the 
S I/Oi register 


S I/Oi output ~SOUTi 
(i= 3, 4) 


S V/Oi input SINi 
(i= 3, 4) 


SI/Oi interrupt request 
bit (i= 3, 4) 


Note 1: With the internal clock selected for the transfer clock, the frequency dividing ratio can be selected using bits 0 and 1 of the S |I/Oi control register. 
(i=3,4) (No frequency division, 8-division frequency, 32-division frequency.) 

Note 2: With the internal clock selected for the transfer clock, the SOUTi pin becomes to the high-impedance state after the transfer finishes. 

Note 3: Shown above is the case where the SOUTI (i = 3, 4) port select bit ="1". 


Figure 1.14.34. S I/Oi operation timing chart 
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A-D Converter 

The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive coupling 
amplifier. Pins P100 to P107, P95, and P96 also function as the analog signal input pins. The direction registers of 
these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit 5 at address 03D716) can be 
used to isolate the resistance ladder of the A-D converter from the reference voltage input pin (VREF) when the A-D 
converter is not used. Doing so stops any current flowing into the resistance ladder from VREF, reducing the power 
dissipation. When using the A-D converter, start A-D conversion only after setting bit 5 of 03D716 to connect VREF. 
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision, the low 
8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit precision, the low 
8 bits are stored in the even addresses. 

Table 1.15.1 shows the performance of the A-D converter. Figure 1.15.1 shows the block diagram of the 
A-D converter, and Figures 1.15.2 and 1.15.3 show the A-D converter-related registers. 


Table 1.15.1. Performance of A-D converter 


Item Performance 


Method of A-D conversion] Successive approximation (capacitive coupling amplifier) 
Analog input voltage (Note 1)| OV to AVcc (Vcc) 
Operating clock AD (Note 2)) Vcc = 5V___fAD/divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) 
Vcc =3V_— divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) 
Resolution 8-bit or 10-bit (selectable) 
Absolute precision Vcc =5V_— « Without sample and hold function 
+3LSB 
¢ With sample and hold function (8-bit resolution) 
+2LSB 
¢ With sample and hold function (10-bit resolution) 
ANo to AN7 input : +3LSB 
ANEXO and ANEX?1 input (including mode in which external 
operation amp is connected) : +7LSB 
Vcc =3V_— + Without sample and hold function (8-bit resolution) 
+2LSB 
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, 
and repeat sweep mode 1 
Analog input pins 8pins (ANo to AN7) + 2pins (ANEXO and ANEX1) 
A-D conversion start condition | * Software trigger 
A-D conversion starts when the A-D conversion start flag changes to “1” 
¢ External trigger (can be retriggered) 
A-D conversion starts when the A-D conversion start flag is “1” and the 
ADTRG/P97 input changes from “H” to “L” 
Conversion speed per pin | * Without sample and hold function 
8-bit resolution: 49 oAD cycles, 10-bit resolution: 59 AD cycles 
¢ With sample and hold function 
8-bit resolution: 28 oAD cycles, 10-bit resolution: 33 AD cycles 
Note 1: Does not depend on use of sample and hold function. 
Note 2: Divide the frequency if f(XIN) exceeds 10MHz, and make oAD frequency equal to 10MHz. 
Without sample and hold function, set the oAD frequency to 250kHz min. 
With the sample and hold function, set the AD frequency to 1MHz min. 


MITSUBISHI 
126 pa ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
A-D Converter 


CKS1=1 
O 
Oo AD 


cksi-o A-D conversion rate 
selection 


Resistor ladder 


a 


Successive conversion register 
A-D control register 1 (address 03D716) 


A-D control register 0 (address 03D616) 


Addresses \ | \ 


(03C116, 03C016 A-D register 0(16) 
(030316, 03C216 A-D register 1(16) 
(03C516, 03C416 A-D register 2(16) 
) 
) 


) 
) 
) 
) 


(03C716, 03C616 A-D register 3(16 
(03C916, 03C816) A-D register 4(16 
(03CB16, O3CAi1é) A-D register 5(16) 
(03CD16, 0O3CC16) A-D register 6(16) 
(03CF16, 03CE16) A-D register 7(16) 


Decoder 


Comparator 


AhadaAdAA 


Data bus high-order 


Data bus low-order 


YVVVVVY 


CH2,CH1,CHO=000 OO 
CH2,CH1,CH0=001 oO™~O 


CH2,CH1,CHO=010 OO 


H2,CH1,CHO=011 OPA1,OPA0=0,0 
CH2,CH1,CHO=011_ 5—_ 


+O —~o—+ 
CH2,CH1,CH0=100 Oo™~O 


OOo 

Oo 
CH2,CH1,CHO=111 

Oo 


OOO00 0 0 90 


OPA1, OPAO 
0 0:Normal operation 


if 0 1:ANEX0 
OPA1,OPA0=1,1 1 0: ANEX1 


1 1: External op-amp mode 
ag. p-amp 


OPA1,OPAO0=0,1 


Figure 1.15.1. Block diagram of A-D converter 
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A-D control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 b1_b0 Symbol Address When reset 
ADCONO 03D616 00000XXxX2 


Analog input pin select bit : ANo is selected 
: AN1 is selected 
: AN2 is selected 
: AN3 is selected 
: AN4 is selected 
: AN5 is selected 
: AN6 is selected 
: AN7 is selected 


A-D operation mode 


select bit 0 : One-shot mode 


: Repeat mode 
: Single sweep mode 
: Repeat sweep mode 0 
Repeat sweep mode 1 (Note 2) 


Trigger select bit 0 : Software trigger 
1: ADTRG trigger 
A-D conversion start flag | 0 : A-D conversion disabled 
ADST ; 
1: A-D conversion started 
CKSO Frequency select bit 0 0 : faD/4 is selected 
1 : fap/2 is selected 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is 
indeterminate. 
Note 2: When changing A-D operation mode, set analog input pin again. 


A-D control register 1 (Note) 


Bis 1b boiasbe, (be thes ble bo Symbol Address When reset 
ADCON1 03D716 0016 


Bit symbol 


A-D sweep pin select bit When single sweep and repeat sweep 
mode 0 are selected 
b1 bO 
00: ANo, ANi (2 pins) 
0 1 : ANo to AN3 (4 pins) 
10: ANo to ANs (6 pins) 
1 1: ANo to AN7 (8 pins) 


poccccccceees 


When repeat sweep mode 1 is selected 
b1 bO 


00: ANo (1 pin) 

0 1: ANo, AN1 (2 pins) 
10: ANo to AN2 (3 pins) 
1 1: ANo to ANs (4 pins) 


A-D operation mode 0: a pede other than repeat sweep 
select bit 1 mode 1 
: Repeat sweep mode 1 
BITS 8/10-bit mode select bit 0 : 8-bit mode 
1 : 10-bit mode 
CKS1 Frequency select bit 1 0 : faD/2 or fAD/4 is selected 
1: fAD is selected 
Vref connect bit 0 : Vref not connected 


b7 b6 
Extetnal opamp 0.0: ANEXO and ANEX1 are not used 
0 1 : ANEXO input is A-D converted 
10: ANEX1 input is A-D converted 
1 1: External op-amp connection mode 


connection mode bit 


Note: If the A-D control register is rewritten during A-D conversion, the conversion result is 
indeterminate. 


Figure 1.15.2. A-D converter-related registers (1) 
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A-D control register 2 (Note) 


b7 b6 bS b4 b3 b2 bt bO Symbol Address When reset 


xX DXPxPx] of o[ 0] | ADCON2 03D416 0000XXX02 


robot SMP A-D conversion method 0 : Without sample and hold 
i ofo4 select bit 1: With sample and hold 
beebend Reserved bit Always set to “0” jo. 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to 
be “0”. 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


A-D register i Symbol Address When reset 
ADi(i=0 to 7) 03C016 to O3CFi6 Indeterminate 
(b15) 


b7 bO 


...| Eight low-order bits of A-D conversion result 


* During 10-bit mode 
Two high-order bits of A-D conversion result 


* During 8-bit mode 
When read, the content is indeterminate 


Ne ase Shahichateaial eines ete eee eee 
eee eee enone 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if 
read, turns out to be “O”. 


Figure 1.15.3. A-D converter-related registers (2) 


MITSUBISHI 
ate MITSUBIS 129 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
A-D Converter 


(1) One-shot mode 
In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver- 
sion. Table 1.15.2 shows the specifications of one-shot mode. Figure 1.15.4 shows the A-D control regis- 
ter in one-shot mode. 
Table 1.15.2. One-shot mode specifications 
Function The pin selected by the analog input pin select bit is used for one A-D conversion 
Start condition Writing “1” to A-D conversion start flag 
Stop condition ¢ End of A-D conversion (A-D conversion start flag changes to “0”, except 
when external trigger is selected) 
¢ Writing “O” to A-D conversion start flag 
End of A-D conversion 
One of ANo to AN7, as selected 
Read A-D register corresponding to selected pin 


Interrupt request generation timing 
Input pin 
Reading of result of A-D converter 


A-D control register 0 (Note 1) 


Symbol 
ADCONO 


When reset 
00000XXxX2 


Address 
03D616 


b6 bd b1 b0 


' Function 


Bit symbol Bit name 


nee input pin select : ANo is selected 

: AN1 is selected 
: AN2 is selected 
: AN3 is selected 
: AN4 is selected 
: ANs is selected 
: AN is selected 
: AN7 is selected 


A-D operation mode 
select bit 0 
: Software trigger 
1: ADTRe trigger 
A-D conversion start flag | 0 : A-D conversion disabled 
1: A-D conversion started 
0: faD/4 is selected 
1: faD/2 is selected 
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 
Note 2: When changing A-D operation mode, set analog input pin again. 


Trigger select bit 


Frequency select bit 0 


A-D control register 1 (Note) 


b7 b6 bS b4 b3 b2 bi bd 


Address When reset 
03D716 0016 


Symbol 
ADCON1 


Bit symbol Bit name Function 


A-D sweep pin Invalid in one-shot mode 


select bit 


A-D operation mode : Any mode other than repeat sweep 
select bit 1 mode 1 


8/10-bit mode select bit 8-bit mode 
10-bit mode 


Frequency select bit1 


Os 
1: 
0 : fap/2 or faD/4 is selected 
1: faD is selected 


Vref connect bit 


1 : Vref connected 


External op-amp 
connection mode bit 


b7 b6 

0 0: ANEXO and ANEX1 are not used 
0 1: ANEXO input is A-D converted 

10: ANEX1 input is A-D converted 
11: External op-amp connection mode 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 


result is indeterminate. 


Figure 1.15.4. A-D conversion register in one-shot mode 
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(2) Repeat mode 
In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion. 


Table 1.15.3 shows the specifications of repeat mode. Figure 1.15.5 shows the A-D control register in 
repeat mode. 


Table 1.15.3. Repeat mode specifications 


Item Specification 
Function The pin selected by the analog input pin select bit is used for repeated A-D conversion 
Star condition Writing “1” to A-D conversion start flag 
Stop condition Writing “0” to A-D conversion start flag 
Interrupt request generation timing | None generated 
Input pin One of ANo to AN7, as selected 
Reading of result of AD converter | Read A-D register corresponding to selected pin 


A-D control register 0 (Note 1) 


b7 b6 bS b4 b3 b2 b1 b0 


Symbol Address When reset 
ADCONO 03D616 00000XXxX2 


Bit symbol Bit name Function 


CHO Analog input pin 


select bit : ANo is selected 


: AN1 is selected 
: AN2 is selected 
: ANS is selected 
: AN4 is selected 
: ANs is selected 
: AN6 is selected 
: AN7 is selected 


A-D operation mode 


MD1 select bit 0 : Repeat mode 


TRG Trigger select bit : Software trigger 
: ADTRG trigger 

ADST A-D conversion start flag : A-D conversion disabled 
: A-D conversion started 


K F | i 0 : fap/4 is selected 
a da 1: fad/2 is selected 
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion 


result is indeterminate. 
Note 2: When changing A-D operation mode, set analog input pin again. 


A-D control register 1 (Note) 


b7 b6 bS b4 b3 b2 b1 bd 


Symbol Address When reset 
ADCON1 03D716 0016 


Bit symbol Bit name Function 


SCANO A-D sweep pin Invalid in repeat mode 
select bit 


A-D operation mode 
select bit 1 


8/10-bit mode select bit : 8-bit mode 
BITS : 10-bit mode 


: fad/2 or faD/4 is selected 
: fad is selected 


: Any mode other than repeat sweep mode 1 


Frequency select bit 1 


Vref connect bit : Vref connected 


External op-amp 
i i 0 0: ANEXO and ANEX1 are not used 
Ronrseton meget 0 1 : ANEXO input is A-D converted 
10: ANEX1 input is A-D converted 
11: External op-amp connection mode 


Note: If the A-D control register is rewritten during A-D conversion, the conversion 
result is indeterminate. 


Figure 1.15.5. A-D conversion register in repeat mode 
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(3) Single sweep mode 
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D 
conversion. Table 1.15.4 shows the specifications of single sweep mode. Figure 1.15.6 shows the A-D 
control register in single sweep mode. 
Table 1.15.4. Single sweep mode specifications 
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion 
Start condition Writing “1” to A-D converter start flag 
Stop condition « End of A-D conversion (A-D conversion start flag changes to “0”, except 
when external trigger is selected) 
¢ Writing “O” to A-D conversion start flag 
Interrupt request generation timing | End of A-D conversion 
Input pin ANo and AN1 (2 pins), ANo to ANs (4 pins), ANo to ANs (6 pins), or ANo to AN7 (8 pins) 
Reading of result of A-D converter | Read A-D register corresponding to selected pin 


A-D control register 0 (Note) 
By 0G BS, ba baie. bh 200. Symbol Address — When reset 


| | | [tol | [| ~ avcono 03D616  00000XXxz 


Bit symbol Bit name Function 


CHO Analog input pin Invalid in single sweep mode 
select bit 


b4 b3 


A-D operation mode 10: Single sweep mode 


select bit 0 


Trigger select bit : Software trigger 
: ADTRG trigger 

A-D conversion start flag : A-D conversion disabled 
: A-D conversion started 


CKSO Frequency select bit 0 : faD/4 is selected 

: fap/2 is selected ! 

Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


A-D control register 1 (Note 1) 


b7_b6 b5 b4 b3_b2 b1_b0 Symbol Address When reset 
y 
PELE ET tel ty abcon oab7i6 «0016 
apo esee: Binge symbol Bit name Function 


A-D sweep pin select bit | When single sweep and repeat sweep mode 0 


are selected 
b1 bO 


00: ANo, AN1 (2 pins) 

0 1: ANo to ANs (4 pins) 
10: ANo to ANs (6 pins) 
11: ANo to AN7 (8 pins) 


A-D operation mode 0 : Any mode other than repeat sweep mode 1 
select bit 1 
BITS 8/10-bit mode select bit | 0 : 8-bit mode 
1: 10-bit mode 


Frequency select bit 1 0 : faD/2 or faD/4 is selected 
1: faD is selected 


Vref connect bit 1: Vref connected 


E lop- b7 b6 
en ee hace 0. 0 : ANEXO and ANEX1 are not used 


Fi 0 1 : ANEXO input is A-D converted 
2 
cae er 10 ANEXt input is A-D converted 
11: External op-amp connection mode 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit. 


Figure 1.15.6. A-D conversion register in single sweep mode 
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(4) Repeat sweep mode 0 


In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep 
A-D conversion. Table 1.15.5 shows the specifications of repeat sweep mode 0. Figure 1.15.7 shows the 
A-D control register in repeat sweep mode 0. 


Table 1.15.5. Repeat sweep mode 0 specifications 


Item Specification 
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D conversion 
Start condition Writing “1” to A-D conversion start flag 
Stop condition Writing “0” to A-D conversion start flag 
Interrupt request generation timing | None generated 
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or ANo to AN7 (8 pins) 
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time) 


A-D control register 0 (Note) 


b7 b6 bS5 b4 b3 b2 bi bO 


Symbol Address When reset 
ADCONO 03D616 00000XXxX2 


Bit symbol Bit name Function 


Analog input pin Invalid in repeat sweep mode 0 
select bit 


A-D operation mode 


be 
select bit 0 11: Repeat sweep mode 0 


Trigger select bit : Software trigger 

: ADTRG trigger 

A-D conversion start flag : A-D conversion disabled 
: A-D conversion started 


Frequency select bit 0 : faD/4 is selected 

1: fad/2 is selected 

Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


A-D control register 1 (Note 1) 


b7 b6 bS5 b4 b3 b2 b1 bd 


Symbol Address When reset 
ADCON1 03D716 0016 


Bit symbol Bit name Function 


SCANO A-D sweep pin select bit | When single sweep and repeat sweep mode 0 
are selected 
b1 bO 


00: ANo, AN1 (2 pins) 

0 1 : ANo to AN (4 pins) 
10: ANo to ANs (6 pins) 
1 1: ANo to AN7 (8 pins) 


A-D operation mode 0 : Any mode other than repeat sweep mode 1 
select bit 1 


8/10-bit mode select bit | 0 : 8-bit mode 
1: 10-bit mode 


Frequency select bit 1 0 : faD/2 or fad/4 is selected 
1: fab is selected 


Vref connect bit 1: Vref connected 
E lop- b7 bé 
Sete 00: ANEXO and ANEX1 are not used 
bit (Note 2) 0 1 : ANEXO input is A-D converted 

10: ANEX1 input is A-D converted 
11: External op-amp connection mode 


Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 
Note 2: Neither “01” nor “10” can be selected with the external op-amp connection mode bit. 


Figure 1.15.7. A-D conversion register in repeat sweep mode 0 
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(5) Repeat sweep mode 1 

In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected 
using the A-D sweep pin select bit. Table 1.15.6 shows the specifications of repeat sweep mode 1. Figure 
1.15.8 shows the A-D control register in repeat sweep mode 1. 

Table 1.15.6. Repeat sweep mode 1 specifications 

Item Specification 

Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or 

pins selected by the A-D sweep pin select bit 

Example : ANo selected ANo — AN1 — ANo — AN2 — ANo — AN3, etc 


Start condition Writing “1” to A-D conversion start flag 

Stop condition Writing “O” to A-D conversion start flag 

Interrupt request generation timing | None generated 

Input pin ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins) 


Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time) 


A-D control register 0 (Note) 


b7 b6 bS b4 b3 b2 bi bd 


Symbol Address When reset 
ADCONO 03D616 00000XXxX2 


Bit name Function 


Analog input pin Invalid in repeat sweep mode 1 
select bit 


b4 b3 


A-D operation mode 1 1: Repeat sweep mode 1 


select bit 0 


: Software trigger 
: ADTRG trigger 

A-D conversion disabled 
: A-D conversion started 


: fAD/4 is selected 

: fAD/2 is selected 

Note: If the A-D control register is rewritten during A-D conversion, the conversion result 
is indeterminate. 


A-D control register 1 (Note 1) 


b7 b6 b5 b4 b3 b2 b1 bd 


Symbol Address When reset 
ADCON1 03D716 0016 


Bit symbol Bit name Function 


SCANO A-D sweep pin select bit | When repeat sweep mode 1 is selected 
b1bO 
00: ANo (1 pin) 
0 1: ANo, ANi (2 pins) 
10: ANo to AN2 (3 pins) 
1 1: ANo to AN (4 pins) 


A-D operation mode 1 : Repeat sweep mode 1 
select bit 1 


8/10-bit mode select bit 


0 : 8-bit mode 
1: 10-bit mode 
Frequency select bit 1 0 : faD/2 or faD/4 is selected 
1: faD is selected 
1 


Vref connect bit : Vref connected 


E | op- b7 b6 
pean tell 0.0 : ANEXO and ANEXt are not used 


: 0 1 : ANEXO input is A-D converted 
bit (Note 2) 10: ANEX1 input is A-D converted 
11: External op-amp connection mode ' 
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion resul 
is indeterminate. 
Note 2: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit. 


Figure 1.15.8. A-D conversion register in repeat sweep mode 1 
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(a) Sample and hold 
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 03D416) to “1”. When 
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 f AD cycle is 
achieved with 8-bit resolution and 33 f AD with 10-bit resolution. Sample and hold can be selected in all 
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and 
hold is to be used. 


(b) Extended analog input pins 
In one-shot mode and repeat mode, the input via the extended analog input pins ANEX0O and ANEX1 can 
also be converted from analog to digital. 
When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “O”, input via ANEXO is 
converted from analog to digital. The result of conversion is stored in A-D register 0. 
When bit 6 of the A-D control register 1 (address 03D716) is “O” and bit 7 is “1”, input via ANEX1 is 
converted from analog to digital. The result of conversion is stored in A-D register 1. 


(c) External operation amp connection mode 


In this mode, multiple external analog inputs via the extended analog input pins, ANEXO and ANEX1, can 
be amplified together by just one operation amp and used as the input for A-D conversion. 

When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “1”, input via ANo to AN7 is 
output from ANEXO. The input from ANEX1 is converted from analog to digital and the result stored in the 
corresponding A-D register. The speed of A-D conversion depends on the response of the external op- 
eration amp. Do not connect the ANEX0O and ANEX1 pins directly. Figure 1.15.9 is an example of how to 
connect the pins in external operation amp mode. 


Resistor ladder 


Comparator 


External op-amp 


Figure 1.15.9. Example of external op-amp connection mode 
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D-A Converter 
This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of 
this type. 
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A 
output enable bits) of the D-A control register decide if the result of conversion is to be output. Do not set the 
target port to output mode if D-A conversion is to be performed. 
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register. 
V = VREF X n/ 256 (n = 0 to 255) 
VREF : reference voltage 
Table 1.16.1 lists the performance of the D-A converter. Figure 1.16.1 shows the block diagram of the D-A 
converter. Figure 1.16.2 shows the D-A control register. Figure J1.16.3 shows the D-A converter equiva- 
lent circuit. 


Table 1.16.1. Performance of D-A converter 

Performance 
Conversion method R-2R method 

Resolution 8 bits 

Analog output pin 2 channels 


Data bus low-order bits 


D-A register0 (8) (Address 03D816) 


D-AO output enable bit 


R-2R resistor ladder O—() P93/DAo 


D-A register1 (8) (Address 03DA16) 


D-A1 output enable bit 


R-2R resistor ladder O—() P94/DA1 


Figure 1.16.1. Block diagram of D-A converter 
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D-A control register 


b7 b6 bS5 b4 b3 b2 bi bd Symbol Address When reset 
DACON 03DC16 0016 


0: a disabled 
-J DAOE D-AO output enable bit : Output enabled 
DAIE D-A1 output enable bit 0 : Output disabled 

1 : Output enabled 


Nothing is assigned. 


In an attempt to write to these bits, write “O”. The value, if read, turns out to be “0”. 


Symbol Address When reset 
DAi (i = 0,1) 03D816, O3DA16 Indeterminate 


Output value of D-A conversion oo 


Figure 1.16.2. D-A control register 


D-AO output enable bit 


D-AO registerO 


AVss () 
VREF () 


Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16. 

Note 2: The same circuit as this is also used for D-A1. 

Note 3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to 0016 
so that no current flows in the resistors Rs and 2Rs. 


Figure 1.16.3. D-A converter equivalent circuit 
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CRC Calculation Circuit 
The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcom- 
puter uses a generator polynomial of CRC_CCITT (X'® + X12 + X° + 1) to generate CRC code. 
The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC 
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after 
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is com- 
pleted in two machine cycles. 
Figure 1.17.1 shows the block diagram of the CRC circuit. Figure 1.17.2 shows the CRC-related registers. 
Figure 1.17.3 shows the calculation example using the CRC calculation circuit 


Data bus high-order bits 


Data bus low-order bits 


Eight low-order bits Eight high-order bits 


CRC data register (16) 


CRC code generating circuit 
x16 4 x12 4 x54 4 


CRC input register (8) | (Address 03BE16) 


(Addresses 03BD16, 03BC16) 


Figure 1.17.1. Block diagram of CRC circuit 


CRC data register 


eS) Symbol Address When reset 


CRCD 03BD16, 03BC16 Indeterminate 


Function Values that R'W 
can be set 
""""7 CRC calculation result output register 000016 to FFEF16 one 


CRC input register 


Address When reset 
O3BE16 Indeterminate 


Values that 
a ee 
| Datainputregister | Datainputregister register 0016 to FF16 loo] 


Figure 1.17.2. CRC-related registers 
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CRC 


b15 b0 


; CRC data register CRCD 
()Seting ano" —e[ (238016, 09806 


b7 bo 
i CRC input register CRCIN 
2 1 
ese [ [O3BE16] 


2 cycles 
After CRC calculation is complete 


b15 bo 


118916 CRC data register CRCD 
[03BD16, 03BC16] 


u sh 
as 


Ps. Stores CRC code 


The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial, 
(x16 4 x12 4 x5 + 1), becomes the remainder resulting from dividing (1000 0000) X'® by (1 0001 0000 0010 0001) in 
conformity with the modulo-2 operation. 


LSB 


MSB Modulo-2 operation is 


‘ 1000 1000 yf operation that complies 


1 0001 0000 0010 0001 | 4999 0000 0000 0000 0000 0000 with the law given below. 
1000 1000 0001 0000 1 
1000 0001 0000 1000 0 
1000 1000 0001 0000 1 


1001 0001 1000 100 
LsB* % MSB 


9 1 1 


8 
a NK OF 
Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000) 
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation 
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC 
operation. Also switch between the MSB and LSB of the result as stored in CRC data. 


b7 bo 


. CRC input register CRCIN 


After CRC calculation is complete 


b15 b0 


CRC data register CRCD 
ioe [03BD16, 03BC16] 


u J 
» 4 


——— Stores CRC code 


Figure 1.17.3. Calculation example using the CRC calculation circuit 
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Programmable I/O Ports 

The M16C/62 (80-pin version) group has 70 programmable input/output ports given below (except P85). 
* POo-P07 
* P20—P27 
« P30-P37 
« P40—P43 
« P50—-P57 
« P60—P67 
* P70, P71, P76, P77 
« P80—P84, P86, P87 (P85 is input port) 
« P90, P92-P97 
* P100—P107 

Note: P1, P44 to P47, P72 to P75, P91 are not connected to external pins. 


Figures 1.18.1 to 1.18.4 show the programmable I/O ports. Figure 1.18.5 shows the I/O pins. 

Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices. 

To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input 
mode. When the pins are used as the outputs for the built-in peripheral devices (other than the D-A con- 
verter), they function as outputs regardless of the contents of the direction registers. When pins are to be 
used as the outputs for the D-A converter, do not set the direction registers to output mode. See the 
descriptions of the respective functions for how to set up the built-in peripheral devices. 


(1) Direction registers 


Figure 1.18.6 shows the direction registers. 

These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis- 
ters corresponds one for one to each I/O pin. 

Note: There is no direction register bit for P85. 


(2) Port registers 


Figure 1.18.7 shows the port registers. 

These registers are used to write and read data for input and output to and from an external device. A 
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit 
in port registers corresponds one for one to each I/O pin. 


(3) Pull-up control registers 


Figure 1.18.8 shows the pull-up control registers. 

The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports 
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is 
set for input. 
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Programmable I/O Port 


POo to P07, P20 to P27, 
P30 to P37, P40 to P47, 
P50 to P54, P56 


Pio to P14 


P15 to P17 


P57, P60, P61, P64, P65, 
P72 to P76, P80, P81, 
P90, P92 


Doct 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Pull-up selection 


Direction register 


<q 


Data bus ——¢ 


Port latch 


Pull-up selection 


Direction register 


Port P1 control register 


Data bus ——¢#+—+ 


Port latch 


Pull-up selection 


Direction register 


Port P1 control register 


Data bus +4 


Port latch 


Input to respective peripheral functions 


Pull-up selection 


Direction register 


<] ad * ober 


Output =o 
oO 


Port latch 


=i 


Input to respective peripheral functions 


& 


symbolizes a parasitic diode. 


Do not apply a voltage higher than Vcc to each port. 
Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present within the 


microcomputer. 


Figure 1.18.1. Programmable I/O ports (1) 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Programmable I/O Port 


Pull-up selection 
P82 to P84 


Direction register 


q 


1 


Data bus ——-+ + Port latch | 


— 


Input to respective peripheral functions 


Pull-up selection 


Direction register 


P55, P62, P66, P77, 
P81, P91, P97 + 


Data bus ——+ 4 Port latch 


ne | 


= 


Input to respective peripheral functions 


Pull-up selection 


Direction register 


] q 


Data bus —+ Port latch 


P63, P67 


= 


Data bus <] 


NMI interrupt input 


Direction register 

<] * i > 
Outpu 

Port latch z as 


<H 
= 


Input to respective peripheral functions <I 


P7o, P71 


Doveeddee symbolizes a parasitic diode. 
Do not apply a voltage higher than Vcc to each port. 


Note 2: ----44----- symbolizes a parasitic diode. 


Note 3: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present 
within the microcomputer. 


Figure 1.18.2. Programmable I/O ports (2) 
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M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Programmable I/O Port 


P100 to P103 Pull-up selection 
(inside dotted-line not included) 


P104 to P107 Direction register [oo 


(inside dotted-line included) <j 


Data bus ——-+—+ Port latch 


Analog input ———____1___—_+ 


Pull-up selection 
D-A output enabled 


Direction register 


r q 


Databus —+- Port latch 


P93, P94 


Input to respective peripheral functions —_<+—_+ 


Analog output o6- 
D-A output enabled 


Pull-up selection 


Direction register |+» [> 


t rm eel oe 


Databus —+{ Port latch Output—e. 


al 
= 


Analog input 


Pull-up selection 


Direction register [+ 
mye 
r’ <] * = See 


Output 
Databus —#4 Port latch P =~ 


Input to respective peripheral functions << 


Analog input 


Note 1: ----#4----~ symbolizes a parasitic diode. 
Do not apply a voltage higher than Vcc to each port. 

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are 
present within the microcomputer. 


Figure 1.18.3. Programmable I/O ports (3) 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Programmable I/O Port 


Pull-up selection 


Direction register 


' q 


Data bus —e4 Port latch 


Input to respective peripheral functions 


Pull-up selection 


Direction register | 
ye 
< * is 


Output 
Data bus —+— Port latch | : ke 


Doser symbolizes a parasitic diode. 
Do not apply a voltage higher than Vcc to each port. 
Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are 
present within the microcomputer. 


Figure 1.18.4. Programmable I/O ports (4) 


BYTE signal input 


CNVss 


CNVss signal input 


RESET 


RESET signal input 


Doseeddeseeee symbolizes a parasitic diode. 
Do not apply a voltage higher than Vcc to each pin. 
Note 2: A parasitic diode on the Vcc side is added to the mask ROM version. 
Do not apply a voltage higher than Vcc to each pin. 
Note 3: The BYTE and CNVss pins are connected on the inside. 


Figure 1.18.5. I/O pins 
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M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Programmable I/O Port 


Port Pi direction register (Note) 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address When reset 
PDi (i = 0 to 10, except 8) 03E216, 03E316, 03E616, 03E716, O3EA16 0016 
03EB16, 0O3EE16, O3EF16, 03F316, O3F616 


: [Bit symbol 


fPDI_0 | Por Pi direction register_| oo 
me uncer se an input port) ere) 
1 : Output mode oe) 
(Functions as an output port) 10:0] 
(i= 0 t0 10 except 8) O°} 
O10 
[POI | Port Pie direction register | oe) 
exe) 


Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to 
the port P9 direction register. 

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to the outside, but 
are present within the microcomputer, so set the direction registers to 
output so that these pin are reserved for future use. 


Port P8 direction register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
PD8 03F216 00x000002 


Bit symbol 
4 PD8_0 Port P80 direction register 


}PD8_1 —_| Port P81 direction register | 0 : Input mode 
(Functions as an input port) 


ee) 

a 2 ee arecton rea P82 direction ease 1 : Output mode SS 
(Functions as an output port) 10:0] 
oie) 
Nothing is assigned. Hi 


In an attempt to write to this bit, write “O”. The value, if read, turns out to be 
indeterminate. 


Port P86 direction register | 9 : Input mode ; 
(Functions as an input port) 


7a ; 1 : Output mode 
Port P87 direction register (Functions as an output port) 


Figure 1.18.6. Direction register 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Programmable I/O Port 


Port Pi register 


boo be bs. Bai cbs’ “Bo. Bt Symbol Address When reset 
Pi (i=Oto 10, except 8) 036016, 03E116, 03E416, 03E516, 03E816 Indeterminate 
03E916, O3EC16, O3ED16, 03F 116, 03F416 Indeterminate 


| [Bit symbol 
pron = i) Romig segisiss Data is input and output to and from 


Pi_t Port Pit register each pin by reading and writing to 
Pi_2 Port Pi2 register and from each corresponding bit 
0: “L” level data 
Port Pis register 1: “H” level data (Note1) 
Port Pia register 
Port Pis register (i = 0 to 10 except 8) 
al Port Pie register 
Port Pi7 register 


Note 1: Since P7o and P71 are N-channel open drain ports, the data is high-impedance. 
Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present 
within the microcomputer, so set the unused pin processing. 


Port P8 register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
P8 03F016 Indeterminate 


Bit symbol Fi 
fret | fret | Data is input and output to and from 
each pin by reading and writing to 


and from each corresponding bit 
P8_3 Port P83 fealetes (except for P85) 
tH level data 


Figure 1.18.7. Port register 
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Programmable I/O Port 


Pull-up control register 0 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
PURO 03FC16 0016 


RW 
The corresponding port is pulled 
high with a pull-up resistor 

1 Pulled high 

| 


Note: P1 is not connected to external pins, but are present within the microcomputer, so 
set the unused pin processing. 


Pull-up control register 1 


b7 b6 bS5 b4 b3 b2 bi b0 


Symbol Address When reset 
PUR1 O3FD16 0016 (Note 2) 


aw 
The corresponding port is pulled 
high with a pull-up resistor 

1 Pulled high 


Note 1: Since P7o and P71 are N-channel open drain ports, pull-up is not available for them. 

Note 2: When the Vcc level is being impressed to the CNVss terminal, this register becomes 
to 0216 when reset (PU11 becomes to “1”). 

Note 3: P44 to P47, P72 to P75 are not connected to external pins, but are present within the 
microcomputer, so set the unused pin processing. 


Pull-up control register 2 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address When reset 
PUR2 03FE16 0016 


Bt Synba 
PU20 P80 to P83 pull-up The corresponding port is pulled 


oc) 
high with a pull-up resistor O10 
(Except P85) 0 : Not pulled high 

aa On) 
o9} 
on) 
on) 

i 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “0”. 


Note: P91 is not connected to external pins, but are present within the microcomputer, so 
set the unused pin processing. 


Figure 1.18.8. Pull-up control register 
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Table 1.18.1. Example connection of unused pins in single-chip mode 


Pin name Connection 


Ports PO to P10 After setting for input mode, connect every pin to Vss via a resistor; 
(excluding P8s) (Note 1) or after setting for output mode, leave these pins open. 


XouT (Note 2) Open 


NMI Connect via resistor to Vcc (pull-up) 


AVCC Connect to Vcc 


AVss, VREF, BYTE Connect to VSs 


Note 1: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present within the 
microcomputer, so set the unused pin processing. 
Note 2: With external clock input to XIN pin. 


Microcomputer 
Port PO to P10 (except for P85) 
(Input mode) 


(Input mode) 
(Output mode) 


In single-chip mode 


Note: P1, P44 to P47, P72 to P75, P91 are not connected to external pins. 


Figure 1.18.9. Example connection of unused pins 
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Usage Precaution 


Timer A (timer mode) 


(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16”. Reading the 
timer Ai register after setting a value in the timer Ai register with a count halted but before the counter 
starts counting gets a proper value. 


Timer A (event counter mode) 


(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the 
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16” by underflow 
or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai register with 
a count halted but before the counter starts counting gets a proper value. 

(2) When stop counting in free run type, set timer again. 


Timer A (one-shot timer mode) 


(1) Setting the count start flag to “O” while a count is in progress causes as follows: 
« The counter stops counting and a content of reload register is reloaded. 
¢ The TAiOUT pin outputs “L” level. 
¢ The interrupt request generated and the timer Ai interrupt request bit goes to “1”. 
(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the 
following procedures: 
* Selecting one-shot timer mode after reset. 
* Changing operation mode from timer mode to one-shot timer mode. 
* Changing operation mode from event counter mode to one-shot timer mode. 
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” 
after the above listed changes have been made. 


Timer A (pulse width modulation mode) 


(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance with 
any of the following procedures: 
* Selecting PWM mode after reset. 
* Changing operation mode from timer mode to PWM mode. 
* Changing operation mode from event counter mode to PWM mode. 
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “O” 
after the above listed changes have been made. 

(2) Setting the count start flag to “O” while PWM pulses are being output causes the counter to stop 
counting. If the TAiOUT pin is outputting an “H” level in this instance, the output level goes to “L”, and 
the timer Ai interrupt request bit goes to “1”. If the TAiOUT pin is outputting an “L” level in this instance, 
the level does not change, and the timer Ai interrupt request bit does not becomes “1”. 


Timer B (timer mode, event counter mode) 

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the 
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the 
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter 
starts counting gets a proper value. 
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Timer B (pulse period/pulse width measurement mode) 


(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt 
request bit goes to “1”. 

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to 
the reload register. At this time, timer Bi interrupt request is not generated. 


A-D Converter 

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit 
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs). 
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an 
elapse of 1 us or longer. 

(2) When changing A-D operation mode, select analog input pin again. 

(3) Using one-shot mode or single sweep mode 
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A- 
D conversion interrupt request bit.) 

(4) Using repeat mode, repeat sweep mode 0 or repeat sweep mode 1 
Use the undivided main clock as the internal CPU clock. 


Stop Mode and Wait Mode 


(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock 
oscillation is stabilized. 

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either from the 
WAIT instruction or from the instruction that sets the every-clock stop bit to “1” within the instruction 
queue are prefetched and then the program stops. So put at least four NOPs in succession either to 
the WAIT instruction or to the instruction that sets the every-clock stop bit to “1”. 


Interrupts 


(1) Reading address 0000016 
¢ When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number 
and interrupt request level) in the interrupt sequence. 
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “O”. 
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “O”. 
Though the interrupt is generated, the interrupt routine may not be executed. 
Do not read address 0000016 by software. 
(2) Setting the stack pointer 
¢ The value of the stack pointer immediately after reset is initialized to 000016. Accepting an 
interrupt before setting a value in the stack pointer may become a factor of runaway. Be sure to 
set a value in the stack pointer before accepting an interrupt. 
When using the NMI interrupt, initialize the stack point at the beginning of a program. Concerning 
the first instruction immediately after reset, generating any interrupts including the NMI interrupt is 
prohibited. 
(3) The NMI interrupt 
* The NMI interrupt can not be disabled. Be sure to connect NMI pin to Vcc via a pull-up resistor if 
unused. 
* Do not get either into stop mode with the NMI pin set to “L’. 
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(4) External interrupt 
¢ When the polarity of the INTO to INT2 pins is changed, the interrupt request bit is sometimes set 


to "1". After changing the polarity, set the interrupt request bit to "0". 


(5) Rewrite the interrupt control register 
¢ To rewrite the interrupt control register, do so at a point that does not generate the interrupt 
request for that register. If there is possibility of the interrupt request occur, rewrite the interrupt 
control register after the interrupt is disabled. The program examples are described as follow: 


Example 1: 
INT_SWITCH1: 
FCLR_ | ; Disable interrupts. 
AND.B- #00h, 0055h_; Clear TAOIC int. priority level and int. request bit. 
NOP ; Four NOP instructions are required when using HOLD function. 
NOP 
FSET | ; Enable interrupts. 
Example 2: 
INT_SWITCH2: 
FCLR_ | ; Disable interrupts. 
AND.B #00h, 0055h_; Clear TAOIC int. priority level and int. request bit. 
MOV.W MEM, RO ; Dummy read. 
FSET | ; Enable interrupts. 
Example 3: 
INT_SWITCHS3: 
PUSHC FLG ; Push Flag register onto stack 
FCLR | ; Disable interrupts. 
AND.B- #00h, 0055h_; Clear TAOIC int. priority level and int. request bit. 
POPC FLG ; Enable interrupts. 


The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted 
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the 
interrupt control register is rewritten due to effects of the instruction queue. 


¢ When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, 
the interrupt request bit is not set sometimes even if the interrupt request for that register has 
been generated. This will depend on the instruction. If this creates problems, use the below 
instructions to change the register. 
Instructions : AND, OR, BCLR, BSET 


Noise 
(1) VPP line of one-time PROM version or EPROM version 
* VPP (This line is for PROM programming power line) line of internal PROM connected to CNVss 
with one-time PROM version or EPROM version. So CNVss should be a short line for improve- 
ment of noise resistance. If CNVss line is long, you should insert an approximately 5K ohm 
resistor close to CNVSs pin and connect to Vss or Vcc. 
Note 1: Inserting a 5 K ohm resistor will not cause any problem when switching to mask ROM version. 


(2) Insert bypass capacitor between Vcc and VSss pin for noise and latch up countermeasure. 
¢ Insert bypass capacitor (about 0.1 uF) and connect short and wide line between Vcc and Vss 


lines. 
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Built-in PROM version 
(1) All built-in PROM versions 
High voltage is required to program to the built-in PROM. Be careful not to apply excessive voltage. 
Be especially careful during power-on. 


(2) One Time PROM version 
One Time PROM versions shipped in blank (M30623ECGP, M30621ECGP), of which built-in PROMs 
are programmed by users, are also provided. For these microcomputers, a programming test and 
screening are not performed in the assembly process and the following processes. To improve their 
reliability after programming, we recommend to program and test as flow shown in Figure 1.19.1 
before use. 


Programming with PROM programmer 


Screening (Note) 
(Leave at 150°C for 40 hours) 


Note: Never expose to 150°C exceeding 100 hours. 


Figure 1.19.1. Programming and test flow for One Time PROM version 
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Items to be submitted when ordering masked ROM version 
Please submit the following when ordering masked ROM products: 
(1) Mask ROM confirmation form 
(2) Mark specification sheet 
(3) ROM data : EPROMs or floppy disks 


*: In the case of EPROMs, there sets of EPROMs are required per pattern. 
*: In the case of floppy disks, 3.5-inch double-sided high-density disk (IBM format) is required per pattern. 


Items to be submitted when ordering data to be written to ROM 
Please submit the following when ordering data to be written to one-time PROM products at the factory: 
(1) ROM writing order form 
(2) Mark specification sheet 
(3) ROM data : EPROMs or floppy disks 


*: In the case of EPROMs, there sets of EPROMs are required per pattern. 
*: In the case of floppy disks, 3.5-inch double-sided high-density disk (IBM format) is required per pattern. 
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Electrical characteristics 


Table 1.20.1. Absolute maximum ratings 


Symbol Parameter Condition Rated value Unit 
Vec Supply voltage Vec=AVcc -0.3 to 6.5 Vv 
AVcc Analog supply voltage Vec=AVcc -0.3 to 6.5 Vv 

Input RESET, (mask ROM : CNVss(BYTE)), 


voltage POo to P07, P20 to P27, 
P30 to P37, P40 to P43, P50 to P57, 


vi P60 to P67, P76 to P77, P80 to P87, -0.3 to Vec+0.3 - 
P90, P92 to P97, P100 to P107, 
VREF, XIN 
P70, P71,(EPROM : CNVss(BYTE)) -0.3 to 6.5(Note 1) Vv 


Output P00 to P07, P20 to P27, 

voltage | 39 to P37,P40 to P43, P50 to P5z, 
Vo P60 to P67,P76 to P77, P80 to P84, -0.3 to Vec+0.3 V 
P86, P87, P90, P92 to P97, 
P100 to P107, XouT 


P70, P71 -0.3 to 6.5 V 
Pa Power dissipation Ta=25 ‘C 300 mW 
Topr Operating ambient temperature -20 to 85 / -40 to 85(Note 2) Cc 
Tstg Storage temperature -65 to 150 Cc 


Note 1: When writing to EPROM ,only CNVss is —0.3 to 13 (V) . 
Note 2: Specify a product of -40 to 85°C to use it. 
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Table 1.20.2. Recommended operating conditions (referenced to Vcc = 2.7V to 5.5V at Ta =- 20 to 
85°C /— 40 to 85°C(Note3) unless otherwise specified) 


Standard 
Min. Typ. 


Parameter 


Supply voltage 

Analog supply voltage 

Supply voltage 

Analog supply voltage 

HIGH input | P00 to P07, P20 to P27, 

voltage P30 to P37, P40 to P43, P50 to P57, P60 to P67, 

P76, P77, P80 to P87,P90, P92 to P97, P100 to P107, 
Xin, RESET, CNVss (BYTE) 


P70,P71 


LOW input | P0o to P07, P20 to P27, P30 to P37, 
voltage P40 to P43, P50 to P57, P60 to P67, P70, P71,P76, P77, 
P80 to P87, P90, P92 to P97, P100 to P107, 
Xin, RESET, CNVss (BYTE) 
HIGH peak output P00 to P07, P20 to P27,P30 to P37, 
loH (peak) | Current P40 to P43, P50 to P57, P60 to P67, P76, P77, 
P80 to P84, P86, P87, P90, P92 to P97, P100 to P107 
HIGH average output P0o to P07, P20 to P27, P30 to P37, 
10H (avg) | Current P40 to P43, P50 to P57, P60 to P67, P76, P77, 
P80 to P84, P86, P87, P90, P92 to P97, P100 to P107 
LOW peak output P00 to P07, P20 to P27,P30 to P37, 
lOL (peak) | Current P40 to P43, P50 to P57, P60 to P67, P70, P71, P76, P77 
P80 to P84, P86, P87, P90, P92 to P97, P100 to P107 
LOW average P00 to P07, P20 to P27,P30 to P37, 
loL (avg) | Output current P40 to P43, P50 to P57, P60 to P67, P70, P71, P76, P77 
P80 to P84, P86, P87, P90, P92 to P97, P100 to P107 
EPROM, Vec=4.5V to 5.5V 


One time PROM 
versions Vec=2.7V to 4.5V 


Mask ROM, Vec=4.2V to 5.5V 
Flash memory 5V 
Main clock input version (Noted) Vec=2.7V to 4.2V 
oscillation 

EPROM, Vec=4.5V to 5.5V 
frequency One time PROM 
versions Vec=2.7V to 4.5V 


16 


6.95 X Vcc 
—15.275 


16 


7.33 X Ved 
—14.791 


16 
5 X Vec 
-6.5 


with wait | Mask ROM, Voo=4.2V to 5.5V 
Flash memory 5V 
version (Noted) Vec=2.7V to 4.2V 


16 
4 X Vec 
-0.8 


oO JO}]O }JO}oO;O;o |oO 


Subclock oscillation frequenc' 

Note 1: The mean output current is the mean value within 100ms. 
Note 2: The total IOL (peak) for all ports must be 80mA max. The total IOH (peak) for all ports must be 80mA max. 
Note 3: Specify a product of —40 to 85°C to use it. 

Note 4: Relationship between main clock oscillation frequency and supply voltage. 


Main clock input oscillation frequency Main clock input oscillation frequency Main clock input oscillation frequency Main clock input oscillation frequency 
(EPROM, One-time PROM, No wait) (Mask ROM, No wait) (EPROM, One-time PROM, With wait) (Mask ROM, With wait) 


bad 
=) 


h 
2:7 4.5 5.5 27 4.2 5.5 2.7 4.5 5.5 27 4.2 5.5 


2 
° 
“a 


Operating maximum frequency [MHZ] 
° a 

o oO 
_ 


Bs 
° 
1 
1 
1 


Operating maximum frequency [MHz] 
_ 


2 
° 


2 
° 


Operating maximum frequency [MHZ] 


2 
o 


WI, 


Supply voltage[V] Supply voltage[V] Supply voltage[V] Supply voltage[V] 
(BCLK: no division) (BCLK: no division) (BCLK: no division) (BCLK: no division) 


Note 5: Execute case without wait, program / erase of flash memory by Vcc=4.2V to 5.5V and f(BCLK) < 6.25 MHz. 
Execute case with wait, program / erase of flash memory by Vcc=4.2V to 5.5V and f(BCLk) < 12.5 MHz. 
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Electrical characteristics (Vcc = 5V) 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Voc = 5V 


Table 1.20.3. Electrical characteristics (referenced to Vcc = 5V, Vss = OV at Ta = 25°C, f(XIN) = 
16MHz unless otherwise specified) 


voltage 


Parameter 


HIGH output P00 to P07, P20 to P27, 
P30 to P37, P40 to P43, P50 to P57, 
P60 to P67, P76, P77, P80 to P84, 


P86, P87, P90, P92 to P97, P100 to P107 


Measuring condition 


Standard 
Typ. 


Min. 


voltage 


H P00 to P07, P20 to P27, 
P30 to P37, P40 to P43, P50 to P57, 
P60 to P67, P76, P77, P80 to P84, 


P86, P87, P90, P92 to P97, P100 to P107 


GH output 


loH=—-200uA 


voltage 


HIGH output — You HIGHPOWER 


loH=—1mA 


LOWPOWER 


loH=—0.5mA 


voltage 


HIGHPOWER 


HIGH output 


XCOUT 


With no load applied 


LOWPOWER 


With no load applied 


voltage 


LOW output P00 to P07, P20 to P27, P30 to P37, 
P40 to P43, P50 to P57, P60 to P67, 
P70, P71, P76, P77, P80 to P84, 


P86, P87, P90, P92 to P97, P100 to P107 


loL=5mA 


voltage 


LOW output P00 to P07, P20 to P27, P30 to P37, 
P40 to P43, P50 to P57, P60 to P67, 
P70, P71, P76, P77, P80 to P84, 


P86, P87, P90, P92 to P97, P100 to P107 


loc=200LA 


voltage 


LOW output Xout HIGHPOWER 


loL=i1mA 


LOWPOWER 


loc=0.5mA 


voltage 


LOW output Xcour HIGHPOWER 


With no load applied 


LOWPOWER 


With no load applied 


TAOIN, TASIN, TA4IN, 

TBOIN, TB2IN to TBSIN, INTo to INT2, 
ADtra, CTSo, CTS1, CLKo,CLK1, CLKs, 
CLK4, TA3ouT, TA4out, NMI, Klo to Kis, 
Sin4, RxDo to RxD2 


Hysteresis 


Hysteresis RESET 


POo to P07, P20 to P27, P30 
P40 to P43, P50 to P57, P60 
P70, P71, P76, P77, P80 to P 
P90, P92 to P97, P100 to P107, 
Xin, RESET, CNVss (BYTE) 


HIGH input 
current 


POo to P07, P20 to P27, P30 
P40 to P43, P50 to P57, P60 
P76, P77, P80 to P87, 

P90, P92 to P97, P100 to P107, 
XIN, RESET, CNVss (BYTE 


‘0 P37, 


‘0 P67, 
LOW input 
current 


RPuLtup 


POo to P07, P20 to P27, P30 to P37, 
P40 to P43, P50 to P57, P60 to P67, 
P76, P77, P80 to P84, P86,P87, 
P90, P92 to P97, P100 to P107 


Pull-up 
resistance 


R ixin 


Feedback resistance XIN 


Ricxin 


Feedback resistance XCIN 


Vram 


RAM retention voltage 


When clock is stopped 


The output pins 
are open and 
other pins are 
Vss 


Power supply current 


Note : With one timer operated using fc32. 


EPROM, One time PROM, 


f(XIN)=16MHz 
mask ROM versions 


Square wave, no division 


Flash memory 5V 
version 


f(XIN)=16MHz 
Square wave, no division 


EPROM, One time PROM, 
mask ROM versions 


f(XCIN)=32kHz 
Square wave 


f(XCIN)=32kHz 
Square wave, in RAM 


Flash memory 5V 
version 


f(XCIN)=32kHz 
Square wave, in flash memory 


Flash memory 5V 
version 


f(XCIN)=32kHz 


When a WAIT instruction 
is executed (Note) 


Ta=25°C 
when clock is stopped 


Ta=85°C 
when clock is stopped 
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Electrical characteristics (Vcc = 5V) 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Voc = 5V 


Table 1.20.4. A-D conversion characteristics (referenced to Vcc = AVCC = VREF = 5V, Vss = AVSs = 0V 
at Ta = 25°C, f(XIN) = 16MHz unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


Vrer = Vcc 


Standard 


Min. | Typ.) Max. 


Absolute | Sample & hold function not available 


VREF = Vcc = 5V 


accuracy 
Sample & hold function available(1 Obit) 


ANo to AN7 input 


VrREF =VCC| aNEXo, ANEX1 input, 
=5V External op-amp connection mode 


Sample & hold function available(8bit) 


VREF = Vcc = 5V 


RLADDER 


Ladder resistance 


Vrer = Vcc 


tconv 


Conversion time(1 Obit) 


tcONV 


Conversion time(8bit) 


tsamP 


Sampling time 


VREF 


Reference voltage 


ViA 


Analog input voltage 


Note: Divide the frequency if f(XIN) exceeds 10 MHz, and make @AD equal to or lower than 10 MHz. 


Table 1.20.5. D-A conversion characteristics (referenced to Vcc = 5V, Vss = AVSs = OV, VREF = 5V 
at Ta = 25°C, f(XIN) = 16MHz unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


Standard 


Min. 


Absolute accuracy 


Setup time 


Output resistance 


Reference power supply input current 


Note: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to “0016”. 
The A-D converter's ladder resistance is not included. 
Also, when DA register contents are not “00”, the current lvRer always flows even though Vref may 
have been set to be “unconnected” by the A-D control register. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


oe SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Timing (Vcc=5V) 


Voc = 5V 


Timing requirements (referenced to Vcc = 5V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.6. External clock input 


Standard 
Parameter : 
Min. 


Max. 


External clock input cycle time 
External clock input HIGH pulse width 
External clock input LOW pulse width 
External clock rise time 

External clock fall time 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


reer SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Timing (Vcc=5V) 


Vcc = 5V 


Timing requirements (referenced to Vcc = 5V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.7. Timer A input (counter input in event counter mode) 


Standard 
Min. Max. 


Parameter 


te(TA) TAiIN input cycle time 


tw(TAH) TAiIN input HIGH pulse width 
tw(TAL) TAiIN input LOW pulse width 


Table 1.20.8. Timer A input (gating input in timer mode) 


Standard 
Parameter Min. Max. 


te(TA) TAiIN input cycle time 


tw(TAH) TAiIN input HIGH pulse width 
tw(TAL) TAiIN input LOW pulse width 


Table 1.20.9. Timer A input (external trigger input in one-shot timer mode) 
Standard 
Min. Max. 


Parameter 


te(TA) TAiIN input cycle time 


tw(TAH) TAiIN input HIGH pulse width 
tw(TAL) TAiIN input LOW pulse width 


Table 1.20.10. Timer A input (external trigger input in pulse width modulation mode) 


Gen 
Symbol Parameter Unit 


tw(TAH) TAiIN input HIGH pulse width "7 
tw(TAL) TAiIN input LOW pulse width 100 ns 


Table 1.20.11. Timer A input (up/down input in event counter mode) 


Standard 
Min. Max. 


Parameter 


tc(UP) TAiouT input cycle time 

tw(UPH) TAiout input HIGH pulse width 
tw(UPL) TAioutT input LOW pulse width 
tsu(UP-Tin) TAiouT input setup time 
th(TiN-UP) TAiouT input hold time 


MITSUBISHI 
ate MITSUBIS 159 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


ae SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Timing (Vcc=5V) 


Voc = 5V 


Timing requirements (referenced to Vcc = 5V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.12. Timer B input (counter input in event counter mode) 


Standard 
Min. Max. 


Parameter 


tc(TB) TBiIN input cycle time (counted on one edge) 

tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 
tc(TB) TBiIN input cycle time (counted on both edges) 

tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 


Table 1.20.13. Timer B input (pulse period measurement mode) 


Standard 
Min. Max. 


Parameter 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.20.14. Timer B input (pulse width measurement mode) 


Standard 


Parameter : 
Min. Max. 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.20.15. A-D trigger input 


Standard 
Symbol Parameter - sa 
Min. Max. 


te(AD) ADrtRa input cycle time (trigger able minimum) 1000 
tw(ADL) ADrtRa input LOW pulse width 125 


Table 1.20.16. Serial I/O 


Standard 


Parameter 
Max. 


te(Ck) CLKi input cycle time 
tw(CKH) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
td(C-aQ) TxDi output delay time 
th(C-a) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 


Table 1.20.17. External interrupt INTi inputs 


Standard 
Symbol Parameter - 
Min. Max. 


tw(INH) INTi input HIGH pulse width 250 
tw(INL) INTi input LOW pulse width 250 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Timing (Vcc=5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 5V 


TAIIN input 


TAiOUT input 


TAiOUT input 
(Up/down input) 


During event counter mode 
TAIIN input 
(When count on falling th(Tin-UP) tsu(UP-Tin) 
edge is selected) 


TAIIN input \ / 


(When count on rising 
edge is selected) 


TBIIN input 


ADTRG input 


TxDi 


RxDi 


INTi input 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


Electrical characteristics (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Table 1.20.18. Electrical characteristics (referenced to Vcc = 3V, Vss = OV at Ta = 25°C, f(XIN) = 
7MHz(Note 1) with wait) 


Parameter Measuring condition 


Standard 
Min. | Typ. | Max. 


Po to P07, P20 to P27, P30 to P37, 
HIGH output P40 to P43, P50 to P57, P60 to P67, 
voltage P76, P77, P80 to P84, P86, P87, 
P90, P92 to P97, P100 to P107 


loH=—-1mA 


HIGH output Xout HIGHPOWER — | IOH=—-0.1mMA 


vol age LOWPOWER loH=—50uA 


HIGH output yxcoyt HIGHPOwER- | With no load applied 
voltage LOWPOWER With no load applied 


POo to P07, P20 to P27, P30 to P37, 

LOW output P40 to P4s, P50 to P57, P60 to P67, 

age P70, P71, P76, P77, P80 to P84, P86, 
P87, P90, P92 to P97, P100 to P107 


W output x oy HIGHPOWER_ | loL=0.1mMA 
age LowPOWER _ | loL=50uA 


TAOIN, TA3IN, TA4IN, 
TBOIN, TB2IN to TBS5IN, INTo to INT2, 
ADtrG,CTS0,CTS1 CLKo,CLK1,CLKs, 
CLKa4, TA30uT, TA4ouT, NMI, Kio to Kls, 
Sin4, RxDo to RxD2 
Hysteresis RESET 
HIGH input P00 to P07, P20 to P27, P30 to P37, 
current P40 to P43, P50 to P57, P60 to P67, 
P70, P71, P76, P77, P80 to P87, 
P90, P92 to P97, P100 to P107, 
XIN, RESET, CNVss (BYTE) 


LOW input P00 to P07, P20 to P27, P30 to P37, 

current P40 to P43, P50 to P57, P60 to P67, 
P70, P71, P76, P77, P80 to P87, 
P90, P92 to P97, P100 to P107, 
Xin, RESET, CNVss (BYTE) 


Rixin Feedback resistance XIN 


loL=1mA 


Hysteresis 


Ricxin | Feedback resistance XCIN 
VRAM RAM retention voltage When clock is stopped 


The output pins |EPROM,One-time PROM | f(Xin)=7MHz 
are open and _|versions Square wave, no division 


other pins are 2 
Vss Mask ROM version {(XIN)=10MHz 
Square wave, no division 


Flash memory 5V version | f(XIN)=10MHz 
Square wave, no division 


EPROM,One-time PROM, | f(XcIN)=32kHz 
mask ROM versions Square wave 


f(XcIN)=32kHz 
Square wave, in RAM 
f(XcIN)=32kHz 
Flash memory 5V version Square wave, in flash 
memory 
f(XcIN)=32kHz 
When a WAITinstruction 
is executed. 
Oscillation capacity High 
(Note2) 
f(XCIN)=32kHz 
When a WAIT instruction 
is executed. 
Oscillation capacity Low 
(Note2) 
Ta=25°C 
when clock is stopped 
Ta=85°C 
when clock is stopped 


Flash memory 5V version 


Power supply current 


Note 1: 10 MHz for the mask ROM version and flash memory version. 
Note 2: With one timer operated using fc32. 
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Electrical characteristics (Vcc = 3V) 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Parameter 


Resolution 


Measuring condition 


Vrer = Vcc 


Vcc = 3V 


Table 1.20.19. A-D conversion characteristics (referenced to Vcc = AVcc = VREF = 3V, Vss = AVss = 
OV at Ta = 25°C, f(XIN) = 7MHz unless otherwise specified) 


Standard 


Min. 


Typ. 


Max 


Absolute accuracy | Sample & hold function not available (8 bit) 


VREF = Vcc = 3V, ad = f(XiN)/2 


RLADDER 


Ladder resistance 


Vrer = Vcc 


tcoNv 


Conversion |One-time PROM, EPROM versions 


time(8bit) Mask ROM, flash memory 5V versions 


VREF 


Reference voltage 


VIA 


Analog input voltage 


Note: 10 MHz for the mask ROM version and flash memory 5V version. 


Table 1.20.20. D-A conversion characteristics (referenced to Vcc = 3V, Vss = AVss = OV, VREF = 3V 
at Ta = 25°C, f(XIN) = 7MHz(Note2) unless otherwise specified) 


Parameter 


Resolution 


Measuring condition 


Standard 


Min. 


Absolute accuracy 


Setup time 


Output resistance 


Note 1: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to 


Reference power supply input current 


“0016”. The A-D converter's ladder resistance is not included. 


Note 2: 10 MHz for the mask ROM version and flash memory 5V version. 


Also, when DA register contents are not “00”, the current IVREF always flows even though Vref may 
have been set to be “unconnected” by the A-D control register. 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.21. External clock input 


Standard 


Parameter Min. Max. 


External clock input One-time PROM, EPROM versions 
cycle time Mask ROM, Flash memory 5V versions 
External clock input One-time PROM, EPROM versions 


HIGH pulse width Mask ROM, Flash memory 5V versions 
External clock input One-time PROM, EPROM versions 
LOW pulse width Mask ROM, Flash memory 5V versions 
External clock rise time 

External clock fall time 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.22. Timer A input (counter input in event counter mode) 


Parameter 


TAiIN input cycle time 


Standard 
Min. Max. 


TAiIN input HIGH pulse width 


TAiIN input LOW pulse width 


Table 1.20.23. Timer A input (gating input in timer mode) 


Parameter 


TAiIN input cycle time 


Standard 
Min. Max. 


TAiIN input HIGH pulse width 


TAiIN input LOW pulse width 


Table 1.20.24. Timer A input (external trigger input in one-shot timer mode) 


Parameter 


TAiIN input cycle time 


Standard 
Min. Max. 


TAiIN input HIGH pulse width 


TAiIN input LOW pulse width 


Table 1.20.25. Timer A input (external trigger input in pulse width modulation mode) 


Symbol Parameter 


tw(TAH) TAiIN input HIGH pulse width 


Standard 
Min. Max. 
150 


tw(TAL) TAiIN input LOW pulse width 


150 


Table 1.20.26. Timer A input (up/down input in event counter mode) 


Parameter 


te(UP) TAiouT input cycle time 


Standard 
Min. Max. 


tw(UPH) TAioutT input HIGH pulse width 


tw(UPL) TAiouT input LOW pulse width 


tsu(UP-Tin) | TAiouT input setup time 


th(TIN-UP) TAiouT input hold time 


a 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Timing (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vcc = 3V 


Timing requirements (referenced to Vcc = 3V, Vss = OV at Ta = 25°C unless otherwise specified) 


Table 1.20.27. Timer B input (counter input in event counter mode) 
Standard 
Min. Max. 


Parameter 


TBiIN input cycle time (counted on one edge) 

TBiIN input HIGH pulse width (counted on one edge) 
TBiIN input LOW pulse width (counted on one edge) 
TBiIN input cycle time (counted on both edges) 

TBiIN input HIGH pulse width (counted on both edges) 
TBiIn input LOW pulse width (counted on both edges) 


Table 1.20.28. Timer B input (pulse period measurement mode) 


Standard 
Min. Max. 


Parameter 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.20.29. Timer B input (pulse width measurement mode) 


Standard 


Parameter 
Min. Max. 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 


Table 1.20.30. A-D trigger input 


Parameter 


Standard 
Min. Max. 
‘ADtrc input cycle time (trigger able minimum) 1500 
ADTRG input LOW pulse width 200 


Table 1.20.31. Serial I/O 
Standard 
i Max. 


Parameter 


tce(Ck) CLKi input cycle time 

tw(CKH) CLKi input HIGH pulse width 

tw(CKL) CLKi input LOW pulse width 
(C-Q) TxDi output delay time 

(C-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 


Table 1.20.32. External interrupt INTi inputs 


Standard 
Min. Max. 
tw(INH) INTi input HIGH pulse width 380 


Symbol Parameter 


tw(INL) ‘INTi input LOW pulse width 380 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Timing (Voc e 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Vec =3V 


TAIIN input 


TAiOUT input 


TAiOUT input 
(Up/down input) 


During event counter mode 
TAIIN input 
(When count on falling th(Tin-UP) tsu(UP—Tin) 
edge is selected) 
TAIIN input : | 
(When count on rising 
edge is selected) 


TBIIN input 


ADTRG input 


TxDi 


RxDi 


INTi input 
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Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


GZZ— SH12—59B <82A0> 


MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT 


MICROCOMPUTER M30621M8-XXXGP 


MASK ROM CONFIRMATION FORM Date : 


Section head | Supervisor 
signature signature 


Note : Please complete all items marked 3X. 


Submitted by | Supervisor 


Company 
name 


3% | Customer 


Issuance 
signature 


Date 


issued 


x 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30621M8-XXXGP 
Checksum code for total EPROM area : r | td] (hex) 
EPROM type : 
27C201 27C401 
Address Address 
0000016) Product : Area 0000016] Product : Area 
containing ASCII containing ASCII 
0000Fi6e| Code for M30621M8 - 0000Fie| Code for M30621M8 - 
0001016 0001016 
2FFFF i BFFFFig 
3000016 7000016 
ROM(64k) ROM(64k) 
3FFFFid 7FFFF ig 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F 16 is for storing 0000016} “M__= 4D rs CODNS te eet 2G 
data on the product type name. meee : —= aa ree = 
The ASCII code for 'M30621MB-' is shown at right. ogqa,.f*@* = 3610] | 0000Bi« FF 
The data in this table must be written to address 0000416 "2" = 32 0000c EF 
0000016 to OOOOF 16. Ranoeuel = Segue ~ boob oR 
‘i 16 = 16 16 16 
Both address and data are shown in hex. 00006i6| "M’ = 4Die| OO00Et6 Eric 
0000716] '8' = 3816 | OO00Ft6 FFi6 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
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MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT | Mask ROM number || 


MICROCOMPUTER M30621M8-XXXGP 
MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OOO0F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 270401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA | A .SECTIONA ASCIICODE, ROM DATA 


source program | A .ORG A 0C0000H A .ORG A 080000H 
A .BYTE A 'M30621M8- ' A .BYTE A ' M30621M8- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30621M8-XXXGP 


Mask file name : ile self). ule-iie| -MSK (alpha-numeric 8-digit) 


% 2. Mark specification 


The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 

For the M30621M8-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 


[1 Ceramic resonator Quartz-crystal oscillator 
External clock input Other ( ) 


What frequency do you use? 
f(XIN) = MHz 
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MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 


Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75°C -20 °C to 75 °C —40 °C to 75°C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


3% 4. Special item (Indicate none if there is no specified item) 
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Mask ROM number 


Date : 


MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT 
MICROCOMPUTER M30621MA-XXXGP 


MASK ROM CONFIRMATION FORM 


Section head Supervisor 
signature sig 


ature 


Note : Please complete all items marked 2%. 


Submitted by | Supervisor 


Company 
name 


%% | Customer 


Date 


Issuance 
signature 


issued 


x 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30621MA-XXXGP 


Checksum code for total EPROM area : en ibe (hex) 


EPROM type : 
27C201 


27C401 


Address 
0000016 


Address 
0000016 


Product : Area 
containing ASCII 


Product : Area 
containing ASCII 


0000F16| code for M30621MA- O000F16| code for M30621MA - 
27FFFi6 F| 67FFFt6 z 
2800016 6800016 
ROM(96K) ROM(96K) 
SFFFFi¢6 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F 16 is for storing 00000161 “M’_=4Dis POROR Se es 2Dis 
data on the product type name. ee 7 — a7 nauake ee 
The ASCII code for '‘M30621MA-' is shown at right. Gg993,.*§* 2 36.¢1 0000Bi6 FFs 
The data in this table must be written to address Tat z 
0000016 to OO00F16 O000#is| 2 _= 3218 | 000001e 2a 
: . 0000516|_'1' =3116} 0000D16 FFi6 
Both address and data are shown in hex. 0000616 "M’ = 4D16| O000E16 Pris 
0000716] 'A' =4116| OO00Fi6 FFi6 
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MICROCOMPUTER M30621MA-XXXGP 
MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OOO0F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 270401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA | A .SECTIONAASCIICODE, ROM DATA 


source program | A .ORG A 0CO000H A .ORG A 080000H 
A .BYTE A 'M30621M~A- ' A .BYTE A 'M30621MA- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 
in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30621MA-XXXGP 


Mask file name : Pile eds tI -MSK (alpha-numeric 8-digit) 


3%2. Mark specification 


The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 

For the M30621MA-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 
What frequency do you use? 
f(XIN) = MHz 
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MICROCOMPUTER M30621MA-XXXGP 
MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 


f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75 °C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


% 4. Special item (Indicate none if there is no specified item) 
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MASK ROM CONFIRMATION FORM Date : 


Section head Supervisor 
signature sig 


ature 


Note : Please complete all items marked 3X. 


Submitted by} Supervisor 


Company 
name 


2% | Customer 


Issuance 
signature 


Date 


issued 


x 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30621MC-XXXGP 
Checksum code for total EPROM area : Lt] fd (hex) 
EPROM type : 
27C201 27C401 
Address Address 
0000016) Product : Area 0000016 | Product : Area 
containing ASCII containing ASCII 
0000F16| code for M30621MC- 0000Fi6| code for M30621MC - 
0001016 0001016 
1FFFFi¢ 5FFFF ie 
2000016 6000016 
ROM(128k) ROM(128k) 
SFFFFte 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F 16 is for storing 00000161 M__=4Dis COG0S ie eat e2Die 
data on the product type name. apsastd 7 —z _ tet = 
The ASCII code for 'M30621MC-' is shown at right. 9993," = 36:6] 0000Bi6 FFie 
The data in this table must be written to address 0000416! 2" 32 0000C EF 
0000016 to O000F 16. iat eal “conan aon 
Both address and data are shown in hex. ied SL i . 
0000616] 'M =4Die6| OO00Et6 FFi6 
0000716] 'C' = 4316} OOOO0Fi«6 FFie 
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MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OO00F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 27C401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA | A .SECTIONA ASCIICODE, ROM DATA 


source program | A .ORG A 0C0000H A .ORG A 080000H 
A .BYTEA 'M30621MC- ' A .BYTE A 'M30621MC- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30621MC-XXXGP 


Mask file name : eee -MSK (alpha-numeric 8-digit) 


92. Mark specification 
The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 
For the M30621MC-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 
What frequency do you use? 
f(XIN) = MHz 
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MICROCOMPUTER M30621MC-XXXGP 
MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 
What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75°C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


4% 4. Special item (Indicate none if there is no specified item) 
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MASK ROM CONFIRMATION FORM Date : 


Section head Supervisor 
signature sig 


ature 


Note : Please complete all items marked %. 


Submitted by | Supervisor 


Company 
name 


3% | Customer 


Issuance 
signature 


Date 


issued 


x 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30623M4-XXXGP 
Checksum code for total EPROM area : fe dese eal (hex) 
EPROM type : 
27C101 27C201 27C401 
Address Address Address 
0000016] Product : Area 0000016 | Product : Area 0000016] Product : Area 
containing ASCII containing ASCII containing ASCII 
0000Fi6| code for M30623M4- 0000Fi6| code for M30623M4 - O000Fi6| code for M30623M4 - 
0001016 0001016 mG, 
17FFFie6 37FFFie 77FFFi6 
1800016 3800016 7800016 
ROM(32K) ROM(32k) ROM(32K) 
1FFFFi6 SFFFFi¢ 7FFFFi6 
(1) Write “FF16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F16 is for storing i ea ae DOGUB Is Pe ees 
data on the product type name. Peon ie es “sn dSi6y,, O00 Enis 
‘ ‘i: : 0000216| ‘0 = 3016} O000Ai6 FFi6 
The ASCII code for 'M30623M4-' is shown at right. an 
: ; . 0000316] '6 =3616| OO000Bie FFie 
The data in this table must be written to address 0000416! 2" 32 0000C EF 
0000016 to OOO0F 16. men a ae soap aee 
. 16 = 16 16 16 
Both address and data are shown in hex. 0000616 "M" = ADie| 0000E16 Fis 
0000716) '4' = 3416} OO00Fi6 FFi6 
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MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OO00F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 
EPROM type 270101 270201 27C401 
Code entered in| A .SECTION A .SECTION A .SECTION 


source program | A ASCIICODE, ROM DATA} A ASCIICODE, ROM DATA} A ASCIICODE, ROM DATA 
A .ORGA 0E0000H A .ORGA 0C0000H A .ORG A 080000H 
A .BYTEA 'M30623M4-' | A .BYTEA 'M30623M4-' | A .BYTEA 'M30623M4- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 
in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30623M4-XXXGP 


Mask file name : ReERS REE -MSK (alpha-numeric 8-digit) 


3% 2. Mark specification 
The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 
For the M30623M4-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XIN) = MHz 
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MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 


Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 
What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75 °C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


% 4. Special item (Indicate none if there is no specified item) 
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MICROCOMPUTER M30623M8-XXXGP 


MASK ROM CONFIRMATION FORM Date : 


Section head Supervisor 
signature sig 


ature 


Note : Please complete all items marked 2%. 


Submitted by | Supervisor 


Company 
name 


3% | Customer 


Issuance 
signature 


Date 


issued 


ox 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30623M8-XXXGP 
Checksum code for total EPROM area : La (hex) 
EPROM type : 
27C201 27C401 
Address Address 
0000016] Product : Area 0000016 | Product : Area 
containing ASCII containing ASCII 
0000Fi6| Code for M30623M8 - 0000Fi6| code for M30623M8 - 
0001016 0001016 
2FFFFi6 6FFFFi¢ 
3000016 7000016 
ROM(64k) ROM(64k) 
3FFFFi6 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F'16 is for storing 00000161 M"_= 4Dis GOO08 16 ee medi 
dalaondhe Brodie Wre:nalve: 0000116 '3' = 3316] 0000916 FFi6 
; Pr P 0000216| ‘0 = 3016} OO00AI6 FFi6 
The ASCII code for 'M30623M8-' is shown at right. 0000316! 6° — 3616 | 0000Bt6 FFic 
The data in this table must be written to address Tt = 
0000416} '2 = 3216 | 0000Ci6 FFi6 
One 2 ceo re 0000516 '3' = 3316] 0000Di6 Fie 
Both address and data are shown in hex. 0000616) "M’=4Die| 0000E16 FFie 
0000716] '8' = 3816 | OO00Fi6 FFi6 
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MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OOO0F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 27C401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA | A .SECTIONAASCIICODE, ROM DATA 


source program | A .ORG A 0CO000H A .ORG A 080000H 
A .BYTEA 'M30623M8- ' A .BYTE A 'M30623M8- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 
in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30623M8-XXXGP 


Mask file name : Feast decile -MSK (alpha-numeric 8-digit) 


%2. Mark specification 


The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 

For the M30623M8-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 
(1) Which kind of XIN-XOUT oscillation circuit is used? 
[_] Ceramic resonator Quartz-crystal oscillator 
External clock input Other ( ) 


What frequency do you use? 


f(XIN) = MHz 
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MICROCOMPUTER M30623M8-XXXGP 
MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75°C —20 °C to 75 °C —40 °C to 75 °C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


% 4. Special item (Indicate none if there is no specified item) 
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Mask ROM number 


Date : 


MITSUBISHI ELECTRIC SINGLE-CHIP 16-BIT 
MICROCOMPUTER M30623MA-XXXGP 


MASK ROM CONFIRMATION FORM 


Section head Supervisor 
signature sig 


ature 


Note : Please complete all items marked 2%. 


Submitted by} Supervisor 


Company 
name 


3% | Customer 


Issuance 
signature 


Date 


issued 


x 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : 


M30623MA-XXXGP 


Checksum code for total EPROM area : ese te VL (hex) 


EPROM type : 
27C201 


27C401 


Address 
0000016 


Address 
0000016 


Product : Area 
containing ASCII 
O000F1¢| code for M30623MA - 


YY 


Product : Area 
containing ASCII 
0000F16| code for M30623MA- 


YM 


2800016 6800016 
ROM(96k) ROM(96k) 
SFFFF ie 7FFFFi6 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F16 is for storing 0000016} "M"_= 4D is DODO PIG (a SeeDis 
data on the product type name. eS Sales) Ae ald 
i ifs : 0000216| ‘0 = 3016} O000At6 FFie 
The ASCII code for 'M30623MA-' is shown at right. gggqai¢6) "6" — 3616| 0000Bi6 FF ie 
The data in this table must be written to address ian = 
0000416] '2 = 3216} 0000C16 FFie 
0000016 to OOO0F 16. ian 
Both address and data are shown in hex 00005:6| 3 RELA stele alls 
: 0000616] 'M' =4Die| OO00Et16 FFi6 
0000716] 'A' =4116| OO00Ft6 FFie 
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MICROCOMPUTER M30623MA-XXXGP 
MASK ROM CONFIRMATION FORM 


The ASCII code for the type No. can be written to EPROM addresses 0000016 to OO00F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 27C401 
Code entered in | A. .SECTIONAASCIICODE, ROM DATA | A .SECTIONAASCIICODE, ROM DATA 


source program | A .ORG A 0C0000H A .ORG A 080000H 
A .BYTE A 'M30623M~A- ' A .BYTE A 'M30623M~A- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30623MA-XXXGP 


Mask file name : PEE ae deals -MSK (alpha-numeric 8-digit) 


92. Mark specification 
The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 
For the M30623MA-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XIN) = MHz 
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MASK ROM CONFIRMATION FORM 


(2) Which kind of XCIN-XCOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


L]| Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75 °C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


% 4. Special item (Indicate none if there is no specified item) 
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MASK ROM CONFIRMATION FORM Date : 


Section head | Supervisor 
signature signature 


Note : Please complete all items marked 3. 


Submitted by | Supervisor 


Company 
name 


%% | Customer 


Issuance 
signature 


Date 


issued 


% 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30623MC-XXXGP 
Checksum code for total EPROM area : Ie i 3 (hex) 
EPROM type : 
27C201 27C401 
Address Address 
0000016) Product : Area 0000016 | Product : Area 
containing ASCII containing ASCII 
O000Fi6| code for M30623MC- O000F16| code for M30623MC - 
0001016 0001016 
1FFFFte 5FFFFi¢ 
2000016 6000016 
ROM(128K) ROM(128k) 
3FFFF ie 
(1) Write “FF 16” to the lined area. Address Address 
(2) The area from 0000016 to 0000F 16 is for storing pee MT —ADie| |» O0008 ie T= 2 Die 
data on the product type name. se . — sek = 
The ASCII code for 'M30623MC-' is shown at right. Gq993,."6* = 36:6] 000086 FFic 
The data in this table must be written to address 0000416 2" 32 0000c EF 
0000016 to OO00F 16. ag al canbaD BE. 
Both address and data are shown in hex. Ch Oe ARTI a ~ 
0000616|_'M =4Die| O000E16 FFi6 
0000716] 'C' = 4316 OOO0F 16 FFie 
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The ASCII code for the type No. can be written to EPROM addresses 0000016 to OO00F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270201 27C401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA| A .SECTIONAASCIICODE, ROM DATA 


source program | A .ORG A 0CO000H A .ORG A 080000H 
A .BYTE A 'M30623MC-' A .BYTE A ' M30623MC- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30623MC-XXXGP 


Mask file name : Netes|s Mame, tiny -MSK (alpha-numeric 8-digit) 


92. Mark specification 
The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 
For the M30623MC-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XIN) = MHz 
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(2) Which kind of XCIN-XCOUT oscillation circuit is used? 


Ceramic resonator LJ] Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75°C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


3% 4. Special item (Indicate none if there is no specified item) 
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MASK ROM CONFIRMATION FORM Date : 


Section head | Supervisor 
signature signature 


Note : Please complete all items marked 2. 


Submitted by | Supervisor 


Company 
name 


3% | Customer 


Issuance 
signature 


Date 


issued 


%% 1. Check sheet 


Name the product you order, and choose which to give in, EPROMs or floppy disks. 
If you order by means of EPROMs, three sets of EPROMs are required per pattern. If you order by 
means of floppy disks, one floppy disk is required per pattern. 


In the case of EPROMs 


Mitsubishi will create the mask using the data on the EPROMs supplied, providing the data is the 
same on at least two of those sets. Mitsubishi will, therefore, only accept liability if there is any 
discrepancy between the data on the EPROM sets and the ROM data written to the product. 
Please carefully check the data on the EPROMs being submitted to Mitsubishi. 


Microcomputer type No. : M30625MG-XXXGP 
Checksum code for total EPROM area : Bane (hex) 
EPROM type : 


27C401 


Address 
0000016) Product : Area 

containing ASCII 

0000Fi6| code for M30625MG- 


YM 


4000016 


ROM(128K) 
7FFFFie 


(1) Write “FF 16” to the lined area. Address Address 

(2) The area from 0000016 to 0000F 16 is for storing 0000016] 'M'_ = 4D16} 0000816) '—""_ = 2Dr6 
on te rt perme Strat ges) stool 
The ASCII code for 'M30625MG-" is shown at right. 4 qq93,.,f 6 ' 7 3616 | O0000Bi6 FFia 
The data in this table must be written to address 0000416)°2" = 3216! 0000Cie~EF se | 
0000016 to OOOOF 16. tet 
Both address and data are shown in hex. eas 7 sar aoa aa 

0000716] 'G' = 4716 | OOO0Fi6 FFi6 
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The ASCII code for the type No. can be written to EPROM addresses 0000016 to OO00F 16 by specifying the 
pseudo-instructions for the respective EPROM type shown in the following table at the beginning of the 
assembler source program. 


EPROM type 270401 
Code entered in | A .SECTIONAASCIICODE, ROM DATA 


source program | A .ORG A 080000H 
A .BYTE A ' M30625MG- ' 


Note: The ROM cannot be processed if the type No. written to the EPROM does not match the type No. 


in the check sheet. 


In the case of floppy disks 


Mitsubishi processes the mask files generated by the mask file generation utilities out of those held on 
the floppy disks you give in to us, and forms them into masks. Hence, we assume liability provided that 
there is any discrepancy between the contents of these mask files and the ROM data to be burned into 
products we produce. Check thoroughly the contents of the mask files you give in. 

Prepare 3.5 inches 2HD(IBM format) floppy disks. And store only one mask file in a floppy disk. 


Microcomputer type No. : M30625MG-XXXGP 


Mask file name : FASE TG) -MSK (alpha-numeric 8-digit) 


x2. Mark specification 


The mark specification differs according to the type of package. After entering the mark specification on 
the separate mark specification sheet (for each package), attach that sheet to this masking check sheet 
for submission to Mitsubishi. 

For the M30625MG-XXXGP, submit the 80P6S mark specification sheet. 


% 3. Usage Conditions 


For our reference when of testing our products, please reply to the following questions about the usage of 
the products you ordered. 


(1) Which kind of XIN-XOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 


f(XIN) = MHz 
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(2) Which kind of XCIN-XCOUT oscillation circuit is used? 
Ceramic resonator Quartz-crystal oscillator 


External clock input Other ( ) 


What frequency do you use? 
f(XCIN) = kHz 


(3) Which operation mode do you use? 


Single-chip mode Memory expansion mode 


Microprocessor mode 


(4) Which operating ambient temperature do you use? 
—10 °C to 75 °C —20 °C to 75 °C —40 °C to 75 °C 
—10 °C to 85 °C —20 °C to 85 °C —40 °C to 85 °C 


(5) Which operating supply voltage do you use? 
2.7V to 3.2V 3.2V to 3.7V 3.7V to 4.2V 
4.2V to 4.7V 4.7V to 5.2V 5.2V to 5.5V 


Thank you cooperation. 


3% 4. Special item (Indicate none if there is no specified item) 
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Outline Performance 


Table 1.21.1 shows the outline performance of the M16C/62 (80-pin flash memory version) and Table 
1.21.2 shows the power supply current (Typ.). 


Table 1.21.1. Outline Performance of the M16C/62 (flash memory version) 


Item 


Performance 


Power supply voltage 


5V version: 2.7V to 5.5 V 
(f(XIN)=16MHz, without wait, 4.2V to 5.5V, 
f(XIN)=10MHz, with one wait, 2.7V to 5.5V) 
3V version: 2.4V to 3.6 V 
(f(XIN)=10MHz, without wait, 2.7V to 3.6V, 
f(XIN)=7MHz, without wait, 2.4V to 3.6V) 


Program/erase voltage 


5V version: 4.2V to 5.5 V 
(f(XIN)=12.5MHz, with one wait, 
f(XIN)=6.25MHz, without wait) 


8V version: 2.7V to 3.6 V 
(f(XIN)=10MHz, with one wait, 
f(XIN)=6.25MHz, without wait) 


Flash memory operation mode 


Three modes (parallel I/O, standard serial I/O, CPU rewrite) 


Erase block | User ROM area 


See Figure 1.21.1 


division 
Boot ROM area 


Program method 


One division (8 Kbytes) (Note 1) 


In units of pages (in units of 256 bytes) 


Erase method 


Collective erase/block erase 


Program/erase control method 


Program/erase control by software command 


Protect method 


Protected for each block by lock bit 


Number of commands 


Program/erase count 


8 commands 


100 times 


ROM code protect 


3V version main clock input 
oscillation frequency(Max.) 
(Note2) 


Parallel I/O and standard serial modes are supported. 


10MHz (Vcc=2.7V to 3.6V,without wait) 


10 X Vcc - 17 MHz (Vcc=2.4V to 2.7V,without wait) 


3V version power supply 


12.0mA(Typ.), 21.25mA(Max.) (VCC=3V, f(XIN)=10MHz, square wave, no division, without wait) 
current (Notes 3, 4) 


40uA(Typ.) (VCC=3V, f(XCIN)=32kHz, square wave, without wait) [operate in RAM] 


700HA(Typ.) (VCC=3V, f(XCIN)=32kHz, square wave, without wait) [operate in flash memory] 


Note1: The boot ROM area contains a standard serial I/O mode control program which is stored in it when shipped from the factory. 
This area can be erased and programmed in only parallel I/O mode. 
Note2: Refer to recommended operating conditions about 5 V version. 3V version relationship between main clock oscillation 
frequency and supply voltage are as follows. 
Main clock input oscillation frequency 
(flash memory 3V version, without wait) 


10.0 f--222202222erereeeeey 5 


7.0f--------7 


Operating maximum frequency [MHZ] 


0.0 


2.4 2.7 3.6 


Supply voltage[V] (BCLK: no division) 


Note3: Refer to electric characteristic about 5V version. 
Note4: A standard value in stop and wait modes do not depend on a kind of memory to have built-in and is the same class. Refer to 
electric characteristic in VCC=3V. 


Table 1.21.2. Power supply current (typ.) of the M16C/62 (80-pin flash memory version) 


Standard (Typ.) 
Parameter Measuring condition Remark 
Read Program Erase 
5V power supply current(5V version) | f(XiIN)=16MHz, without wait, No division 35mA 28mA 25mA Division by 4 in program/erase 
3V power supply current(5V version) | f(XIN)=10MHz, with wait, No division 13.5mA 
3V power supply current(3V version) |f(XIN)=10MHz, without wait, No division 12mA 17mA 14mA Division by 2 in program/erase 
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Flash Memory 
The M16C/62 (80-pin flash memory version) contains the DINOR (Divided bit line NOR) type of flash 
memory that can be rewritten with a single voltage of 5 V or 3.3 V. For this flash memory, three flash 
memory modes are available in which to read, program, and erase: parallel I/O and standard serial I/O 
modes in which the flash memory can be manipulated using a programmer and a CPU rewrite mode in 
which the flash memory can be manipulated by the Central Processing Unit (CPU). Each mode is detailed 
in the pages to follow. 
The flash memory is divided into several blocks as shown in Figure 1.21.1, so that memory can be erased 
one block at a time. Each block has a lock bit to enable or disable execution of an erase or program 
operation, allowing for data in each block to be protected. 
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash 
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and 
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored 
in it when shipped from the factory. However, the user can write a rewrite control program in this area that 
suits the user’s application system. This boot ROM area can be rewritten in only parallel I/O mode. 


0C000016 
64K byte 


0D000016 
64K byte 


0E000016 
Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in 
only parallel input/output mode. (Access 
to any other areas is inhibited.) 
Note 2: To specify a block, use the maximum 
OF000016 address in the block that is an even 
Block 3 : 32K byte address. 


Flash memory | Flash memory 
size start address 0F800016 


256 K byte 0C000016 OFA00016 


Block 2 : 8K byte 


8K byte 
OF C0006 OFE00016 


Block 0 : 16K byte 
OFFFFF16 OFFFFF16 aoe 


User ROM area Boot ROM area 


Figure 1.21.1. Block diagram of flash memory version 
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CPU Rewrite Mode 
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control 
of the Central Processing Unit (CPU). 
In CPU rewrite mode, only the user ROM area shown in Figure 1.21.1 can be rewritten; the boot ROM area 
cannot be rewritten. Make sure the program and block erase commands are issued for only the user ROM 
area and each block area. 
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU 
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must 
be transferred to any area other than the internal flash memory before it can be executed. 


Microcomputer Mode and Boot Mode 
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in 
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard 
serial I/O mode becomes unusable.) 
See Figure 1.21.1 for details about the boot ROM area. 
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low. In 
this case, the CPU starts operating using the control program in the user ROM area. 
When the microcomputer is reset by pulling the P55 pin low, the CNVSss pin high, and the P50 pin high, the 
CPU starts operating using the control program in the boot ROM area. This mode is called the “boot” 
mode. The control program in the boot ROM area can also be used to rewrite the user ROM area. 


Block Address 


Block addresses refer to the maximum even address of each block. These addresses are used in the 
block erase command, lock bit program command, and read lock status command. 
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Outline Performance (CPU Rewrite Mode) 
In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by 
software commands. Operations must be executed from a memory other than the internal flash memory, 
such as the internal RAM. 
When the CPU rewrite mode select bit (bit 1 at address 03B716) is set to “1”, transition to CPU rewrite mode 
occurs and software commands can be accepted. 
In the CPU rewrite mode, write to and read from software commands and data into even-numbered ad- 
dress (“0” for byte address AO) in 16-bit units. Always write 8-bit software commands into even-numbered 
address. Commands are ignored with odd-numbered addresses. 
Use software commands to control program and erase operations. Whether a program or erase operation 
has terminated normally or in error can be verified by reading the status register. 
Figure 1.22.1 shows the flash memory control register 0 and the flash memory control register 1. 
Bit 0 of the flash memory control register 0 is the RY/BY status flag used exclusively to read the operating 
status of the flash memory. During programming and erase operations, it is “O”. Otherwise, it is “1”. 
Bit 1 of the flash memory control register 0 is the CPU rewrite mode select bit. The CPU rewrite mode is 
entered by setting this bit to “1”, so that software commands become acceptable. In CPU rewrite mode, the 
CPU becomes unable to access the internal flash memory directly. Therefore, write bit 1 in an area other 
than the internal flash memory. To set this bit to “1”, it is necessary to write “O” and then write “1” in 
succession. The bit can be set to “0” by only writing a “O” . 
Bit 2 of the flash memory control register 0 is a lock bit disable bit. By setting this bit to “1”, it is possible to 
disable erase and write protect (block lock) effectuated by the lock bit data. The lock bit disable select bit 
only disables the lock bit function; it does not change the lock data bit value. However, if an erase operation 
is performed when this bit =“1”, the lock bit data that is “O” (locked) is set to “1” (unlocked) after erasure. To 
set this bit to “1”, it is necessary to write “O” and then write “1” in succession. This bit can be manipulated 
only when the CPU rewrite mode select bit = “1”. 
Bit 3 of the flash memory control register 0 is the flash memory reset bit used to reset the control circuit of 
the internal flash memory. This bit is used when exiting CPU rewrite mode and when flash memory access 
has failed. When the CPU rewrite mode select bit is “1”, writing “1” for this bit resets the control circuit. To 
release the reset, it is necessary to set this bit to “O”. 
Bit 5 of the flash memory control register 0 is a user ROM area select bit which is effective in only boot 
mode. If this bit is set to “1” in boot mode, the area to be accessed is switched from the boot ROM area to 
the user ROM area. When the CPU rewrite mode needs to be used in boot mode, set this bit to “1”. Note 
that if the microcomputer is booted from the user ROM area, it is always the user ROM area that can be 
accessed and this bit has no effect. When in boot mode, the function of this bit is effective regardless of 
whether the CPU rewrite mode is on or off. Use the control program except in the internal flash memory to 
rewrite this bit. 
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Bit 3 of the flash memory control register 1 turns power supply to the internal flash memory on/off. When 
this bit is set to “1”, power is not supplied to the internal flash memory, thus power consumption can be 
reduced. However, in this state, the internal flash memory cannot be accessed. To set this bit to “1”, it is 
necessary to write “O” and then write “1” in succession. Use this bit mainly in the low speed mode (when 


XCIN is the block count source of BCLK). 


When the CPU is shifted to the stop or wait modes, power to the internal flash memory is automatically shut 
off. It is reconnected automatically when CPU operation is restored. Therefore, it is not particularly neces- 


sary to set flash memory control register 1. 


Figure 1.22.2 shows a flowchart for setting/releasing the CPU rewrite mode. Figure 1.22.3 shows a flow- 
chart for shifting to the low speed mode. Always perform operation as indicated in these flowcharts. 


Flash memory control register 0 


b7_b6_b5 b4 b3 b2 bi b0 Symbol 


FMRO 


Address 
03B716 


When reset 
XX0000012 


Bit symbol 


Bit name 


Function 


"| FMROO 


RY/BY status flag 


0: Busy (being written or erased) 
1: Ready 


FMRO1 


CPU rewrite mode 
select bit (Note 1) 


0: Normal mode 
(Software commands invalid) 
1: CPU rewrite mode 
(Software commands acceptable) 


FMRO03 


Lock bit disable bit 
(Note 2) 


Flash memory reset bit 
(Note 3) 


0: Block lock by lock bit data is 
enabled 

1: Block lock by lock bit data is 
disabled 


0: Normal operation 
1: Reset 


Reserved bit 


Uiuleseeeseceeesesecocad 


User ROM area select bit 
(Note 4) (Effective in only 
boot mode) 


Nothing is assigned. 
When write, set "0". When read, values are indeterminate. 


Must always be set to “0” 


Note 1: For this bit to be set to “1”, the user needs to write a “0” and then a “1” to 


it in succession. When it is not this procedure, it is not enacted in “1”. 
This is necessary to ensure that no interrupt or DMA transfer will be 
executed during the interval. Use the control program except in the 
internal flash memory for write to this bit. 


Note 2: For this bit to be set to “1”, the user needs to write a “O” and then a “1” to 


it in succession when the CPU rewrite mode select bit = “1”. When it is 
not this procedure, it is not enacted in “1”. This is necessary to ensure 
hat no interrupt or DMA transfer will be executed during the interval. 


Note 3: Effective only when the CPU rewrite mode select bit = 1. Set this bit to 0 


subsequently after setting it to 1 (reset). 


Note 4: Use the control program except in the internal flash memory for write to 


his bit. 


Flash memory control register 1 


b7 b6 bd b4 b3 b2 b1 bO 


fofofolol [ololo 


Symbol 
FMR1 


Bit symbol 


Address 
03B616 


Bit name 


When reset 
XXXXXOXX2 


Function 


Reserved bit 


Must always be set to “0” 


FMR13 


Flash memory power 
supply-OFF bit(Note) 


0: Flash memory power supply is 
connected 
1: Flash memory power supply-off 


Reserved bit 


Note : 


Must always be set to “0” 


For this bit to be set to “1”, the user needs to write a “0” and then a “1” to 


it in succession. When it is not this procedure, it is not enacted in “1”. 
This is necessary to ensure that no interrupt or DMA transfer will be 
executed during the interval. 
internal flash memory for write to this bit. 

During parallel I/O mode,programming,erase or read of flash memory is 
not controlled by this bit,only by external pins. 


Figure 1.22.1. Flash memory control registers 


Use the control program except in the 
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Program in RAM 


(4 _ 4) 


vy 


Single-chip mode, or boot mode 


(Boot mode only) 
Set user ROM area select bit to “1” 


¥ 


Set processor mode register (Note 1) 


yv 


Transfer CPU rewrite mode control 
program to internal RAM 


y 


Jump to transferred control program in RAM 
(Subsequent operations are executed by control 
program in this RAM) 


aa 
Set CPU rewrite mode select bit to “1” (by 
writing “O” and then “1” in succession)(Note 2) 


= 
Using software command execute erase, 
program, or other operation 

(Set lock bit disable bit as required) 


v 


Execute read array command or reset flash 
memory by setting flash memory reset bit (by 
writing “1” and then “0” in succession) (Note 3) 


v 


Write “0” to CPU rewrite mode select bit 


yv 


(Boot mode only) 
Write “0” to user ROM area select bit (Note 4) 


End 


During CPU rewrite mode, set the main clock frequency as shown below using the main clock divide ratio 
select bit (bit 6 at address 000616 and bits 6 and 7 at address 000716): 

6.25 MHz or less when wait bit (bit 7 at address 000516) = “O” (without internal access wait state) 

12.5 MHz or less when wait bit (bit 7 at address 000516) = “1” (with internal access wait state) 

Note 2: For CPU rewrite mode select bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no 
interrupt or DMA transfer will be executed during the interval. 

Note 3: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to 
execute a read array command or reset the flash memory. 

Note 4: “1” can be set. However, when this bit is “1”, user ROM area is accessed. 


Figure 1.22.2. CPU Rewrite Mode Set/Reset Flowchart 


Program in ROM 


Start 


v 


Program in RAM 


a 


yv 


Transfer the program to be executed in the 
low speed mode, to the internal RAM. 


Set flash memory power supply-OFF bit to “1” 
(by writing “O” and then “1” in succession)(Note 1) 


¥ 


Jump to transferred control program in RAM 
(Subsequent operations are executed by control 
program in this RAM) 


ee 


Switch the count source of BCLK. 
XIN stop. (Note 2) 


yv 


Process of low speed mode 


v 


XIN oscillating - Wait until the XIN has stabilized 


+ Switch the count source of BCLK (Note 2) 


yv 


Set flash memory power supply-OFF bit to “0” 


yv 


Wait time until the internal circuit stabilizes 
(Set NOP instruction about twice) 


End 


Note 1: For flash memory power supply-OFF bit to be set to “1”, the user needs to write a “O” and then a “1” to it in 
succession. When it is not this procedure, it is not enacted in “1”. This is necessary to ensure that no 
interrupt or DMA transfer will be executed during the interval. 

Note 2: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which 
the count source is going to be switched must be oscillating stably. 


Figure 1.22.3. Shifting to The Low Speed Mode Flowchart 
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Precautions on CPU Rewrite Mode 
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite 
mode. 

(1) Operation speed 
During CPU rewrite mode, set the main clock frequency as shown below using the main clock divide 
ratio select bit (bit 6 at address 000616 and bits 6 and 7 at address 000716): 
6.25 MHz or less when wait bit (bit 7 at address 000516) = 0 (without internal access wait state) 
12.5 MHz or less when wait bit (bit 7 at address 000516) = 1 (with internal access wait state) 

(2) Instructions inhibited against use 
The instructions listed below cannot be used during CPU rewrite mode because they refer to the 
internal data of the flash memory: 
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction 

(3) Interrupts inhibited against use 
The address match interrupt cannot be used during CPU rewrite mode because they refer to the 
internal data of the flash memory. If interrupts have their vector in the variable vector table, they can be 
used by transferring the vector into the RAM area. The NMI and watchdog timer interrupts each can 
be used to change the flash memory’s operation mode forcibly to read array mode upon occurrence of 
the interrupt. Since the rewrite operation is halted when the NMI and watchdog timer interrupts occur, 
the erase/program operation needs to be performed over again. 
Disabling erase or rewrite operations for address FC00016 to address FFFFF 16 in the user ROM block 
disables these operations for all subsequent blocks as well. Therefore, it is recommended to rewrite 
this block in the standard serial I/O mode. 

(4) Internal reserved area expansion bit (Bit 3 at address 000516) 
The reserved area of the internal memory can be changed by using the internal reserved area expan- 
sion bit (bit 3 at address 000516). However, if the CPU rewrite mode select bit (bit 1 at address 03B716) 
is set to 1, the internal reserved area expansion bit (bit 3 at address 000516) also is set to 1 automati- 
cally. Similarly, if the CPU rewrite mode select bit (bit 1 at address 03B716) is set to 0, the internal 
reserved area expansion bit (bit 3 at address 000516) also is set to 0 automatically. 
The precautions above apply to the products which RAM size is over 15 Kbytes or flash memory size 
is over 192 Kbyte. 

(5) Reset 
Reset input is always accepted. After a reset, the addresses 0C000016 through OCFFFF16 are made 
a reserved area and cannot be accessed. Therefore, if your product has this area in the user ROM 
area, do not write any address of this area to the reset vector. This area is made accessible by 
changing the internal reserved area expansion bit (bit 3 at address 000516) in a program. 

(6) Access disable 
Write CPU rewrite mode select bit, flash memory power supply-OFF bit and user ROM area select bit 
in an area other than the internal flash memory. 

(7) How to access 
For CPU rewrite mode select bit, lock bit disable bit, and flash memory power supply-OF F bit to be set 
to “1”, the user needs to write a “O” and then a “1” to it in succession. When it is not this procedure, it 
is not enacted in “1”. This is necessary to ensure that no interrupt or DMA transfer will be executed 
during the interval. 
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Software Commands 


Table 1.22.1 lists the software commands available with the M16C/62 (flash memory version). 

After setting the CPU rewrite mode select bit to 1, write a software command to specify an erase or 
program operation. Note that when entering a software command, the upper byte (D8 to D15) is ignored. 
The content of each software command is explained below. 


First bus cycle Second bus cycle Third bus cycle 


Command Data Data Data 
Mode | Address | (Do to D7) Mode | Address (Do to D7) Mode | Address (Do to D7) 


Read array i X (Note 6) 


Read status register i X SRD (Note 2) 


Clear status register 


Page program _(Note 3) WAQO (Note 3) WDO (Note 3) 


Block erase i BA (Note 4) | DO16 


Erase all unlock block i x D016 


Lock bit program i BA D016 


Read lock bit status i BA De (Note 5) 


Note 1: When a software command is input, the high-order byte of data (Ds to D15) is ignored. 

Note 2: SRD = Status Register Data 

Note 3: WA = Write Address, WD = Write Data 
WA and WD must be set sequentially from 0016 to FE16 (byte address; however, an even address). The page size is 
256 bytes. 

Note 4: BA = Block Address (Enter the maximum address of each block that is an even address.) 

Note 5: De corresponds to the block lock status. Block not locked when De = 1, block locked when De = 0. 

Note 6: X denotes a given address in the user ROM area (that is an even address). 


Table 1.22.1. List of Software Commands (CPU Rewrite Mode) 
Read Array Command (FF16) 
The read array mode is entered by writing the command code “FF 16” in the first bus cycle. When an 
even address to be read is input in one of the bus cycles that follow, the content of the specified 
address is read out at the data bus (Do—D15), 16 bits at a time. 
The read array mode is retained intact until another command is written. 


Read Status Register Command (7016) 
When the command code “7016” is written in the first bus cycle, the content of the status register is 
read out at the data bus (Do—D7) by a read in the second bus cycle. 
The status register is explained in the next section. 


Clear Status Register Command (5016) 
This command is used to clear the bits SR3 to 5 of the status register after they have been set. These 
bits indicate that operation has ended in an error. To use this command, write the command code 
“5016” in the first bus cycle. 
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Page Program Command (4116) 
Page program allows for high-speed programming in units of 256 bytes. Page program operation 
starts when the command code “41 16” is written in the first bus cycle. In the second bus cycle through 
the 129th bus cycle, the write data is sequentially written 16 bits at a time. At this time, the addresses 
Ao-A7 need to be incremented by 2 from “0016” to “FE16.” When the system finishes loading the data, 
it starts an auto write operation (data program and verify operation). 
Whether the auto write operation is completed can be confirmed by reading the status register or the 
flash memory control register 0. At the same time the auto write operation starts, the read status 
register mode is automatically entered, so the content of the status register can be read out. The 
status register bit 7 (SR7) is set to 0 at the same time the auto write operation starts and is returned to 
1 upon completion of the auto write operation. In this case, the read status register mode remains 
active until the Read Array command (FF 16) or Read Lock Bit Status command (7116) is written or the 
flash memory is reset using its reset bit. 
The RY/BY status flag of the flash memory control register 0 is 0 during auto write operation and 1 
when the auto write operation is completed as is the status register bit 7. 
After the auto write operation is completed, the status register can be read out to know the result of the 
auto write operation. For details, refer to the section where the status register is detailed. 
Figure 1.22.4 shows an example of a page program flowchart. 
Each block of the flash memory can be write protected by using a lock bit. For details, refer to the 
section where the data protect function is detailed. 
Additional writes to the already programmed pages are prohibited. 


Check full status 


Page program 
completed 


Figure 1.22.4. Page program flowchart 
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Block Erase Command (2016/D016) 
By writing the command code “2016” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows to the block address of a flash memory block, the system initiates 
an auto erase (erase and erase verify) operation. 
Whether the auto erase operation is completed can be confirmed by reading the status register or the 
flash memory control register 0. At the same time the auto erase operation starts, the read status 
register mode is automatically entered, so the content of the status register can be read out. The 
status register bit 7 (SR7) is set to 0 at the same time the auto erase operation starts and is returned 
to 1 upon completion of the auto erase operation. In this case, the read status register mode remains 
active until the Read Array command (FF 16) or Read Lock Bit Status command (7116) is written or the 
flash memory is reset using its reset bit. 
The RY/BY status flag of the flash memory control register 0 is 0 during auto erase operation and 1 
when the auto erase operation is completed as is the status register bit 7. 
After the auto erase operation is completed, the status register can be read out to know the result of 
the auto erase operation. For details, refer to the section where the status register is detailed. 
Figure 1.22.5 shows an example of a block erase flowchart. 
Each block of the flash memory can be protected against erasure by using a lock bit. For details, refer 
to the section where the data protect function is detailed. 


Check full status check 


Block erase 
completed 


Figure 1.22.5. Block erase flowchart 
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Erase All Unlock Blocks Command (A716/D016) 
By writing the command code “A716” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows, the system starts erasing blocks successively. 
Whether the erase all unlock blocks command is terminated can be confirmed by reading the status 
register or the flash memory control register 0, in the same way as for block erase. Also, the status 
register can be read out to know the result of the auto erase operation. 
When the lock bit disable bit of the flash memory control register 0 = 1, all blocks are erased no matter 
how the lock bit is set. On the other hand, when the lock bit disable bit = 0, the function of the lock bit 
is effective and only nonlocked blocks (where lock bit data = 1) are erased. 


Lock Bit Program Command (7716/D016) 
By writing the command code “7716” in the first bus cycle and the confirmation command code “D016” 
in the second bus cycle that follows to the block address of a flash memory block, the system sets the 
lock bit for the specified block to 0 (locked). 
Figure 1.22.6 shows an example of a lock bit program flowchart. The status of the lock bit (lock bit 
data) can be read out by a read lock bit status command. 
Whether the lock bit program command is terminated can be confirmed by reading the status register 
or the flash memory control register 0, in the same way as for page program. 
For details about the function of the lock bit and how to reset the lock bit, refer to the section where the 
data protect function is detailed. 


| 


Write 7716 
Write D016 
block address 


RY/BY status flag 
1? 


Lock bit program in 
error 
Lock bit program 
completed 


YES 


Figure 1.22.6. Lock bit program flowchart 
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Read Lock Bit Status Command (7116) 
By writing the command code “7116” in the first bus cycle and then the block address of a flash 


memory block in the second bus cycle that follows, the system reads out the status of the lock bit of 
the specified block on to the data (D6). 


Figure 1.22.7 shows an example of a read lock bit program flowchart. 


Write 7116 
Enter block address 


(Note) 
D6 = 0? 
Y 


E 


S 
Blocks locked Blocks not locked 


Note: Data bus bit 6. 


Figure 1.22.7. Read lock bit status flowchart 
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Data Protect Function (Block Lock) 
Each block in Figure 1.21.1 has a nonvolatile lock bit to specify that the block be protected (locked) 
against erase/write. The lock bit program command is used to set the lock bit to 0 (locked). The lock bit of 
each block can be read out using the read lock bit status command. 
Whether block lock is enabled or disabled is determined by the status of the lock bit and how the flash 
memory control register 0’s lock bit disable bit is set. 
(1) When the lock bit disable bit = 0, a specified block can be locked or unlocked by the lock bit status 
(lock bit data). Blocks whose lock bit data = 0 are locked, so they are disabled against erase/write. 
On the other hand, the blocks whose lock bit data = 1 are not locked, so they are enabled for erase/ 
write. 
(2) When the lock bit disable bit = 1, all blocks are nonlocked regardless of the lock bit data, so they are 
enabled for erase/write. In this case, the lock bit data that is 0 (locked) is set to 1 (nonlocked) after 
erasure, so that the lock bit-actuated lock is removed. 


Status Register 


The status register indicates the operating status of the flash memory and whether an erase or program 
operation has terminated normally or in an error. The content of this register can be read out by only 
writing the read status register command (7016). Table 1.22.2 details the status register. 

The status register is cleared by writing the Clear Status Register command (5016). 

After a reset, the status register is set to “8016.” 

Each bit in this register is explained below. 


Write state machine (WSM) status (SR7) 
After power-on, the write state machine (WSM) status is set to 1. 
The write state machine (WSM) status indicates the operating status of the device. This status bit is 
set to 0 during auto write or auto erase operation and is set to 1 upon completion of these operations. 


Erase status (SR5) 
The erase status informs the operating status of auto erase operation to the CPU. When an erase 
error occurs, it is set to 1. 
The erase status is reset to 0 when cleared. 
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Program status (SR4) 
The program status informs the operating status of auto write operation to the CPU. When a write 
error occurs, it is set to 1. 
The program status is reset to 0 when cleared. 
When an erase command is in error (which occurs if the command entered after the block erase 
command (2016) is not the confirmation command (D016), both the program status and erase status 
(SR5) are set to 1. 
When the program status or erase status = 1, the following commands entered by command write are 
not accepted. 


Also, in one of the following cases, both SR4 and SR5 are set to 1 (command sequence error): 
(1) When the valid command is not entered correctly 
(2) When the data entered in the second bus cycle of lock bit program (7716/D016), block erase 

(2016/D016), or erase all unlock blocks (A716/D016) is not the D016 or FF 16. However, if FF16 is 
entered, read array is assumed and the command that has been set up in the first bus cycle is 
canceled. 


Block status after program (SR3) 
If excessive data is written (phenomenon whereby the memory cell becomes depressed which results 
in data not being read correctly), “1” is set for the program status after-program at the end of the page 
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails, 
“9016” is output; and when excessive data is written, “8816” is output. 


Table 1.22.2. Definition of each bit in status register 


Each bit of 


Status name 


Definition 


Write state machine (WSM) status Ready 


Busy 


Reserved 


Erase status 


Terminated in error 


Terminated normally 


Program status 


Terminated in error 


Terminated normally 


Block status after program 


Terminated in error 


Terminated normally 


Reserved 


Reserved 


Reserved 


a 
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CPU Rewrite Mode 


Full Status Check 
By performing full status check, it is possible to Know the execution results of erase and program 


operations. Figure 1.22.8 shows a full status check flowchart and the action to be taken when each 


error occurs. 


Read status register 


Command _ . , Execute the clear status register command (5016) 
sequence error to clear the status register. Try performing the 
operation one more time after confirming that the 


command is entered correctly. 


Block erase error |. . . Should a block erase error occur, the block in error 
cannot be used. 


Program error (page }. . . Execute the read lock bit status command (7116) 
or lock bit) to see if the block is locked. After removing lock, 
execute write operation in the same way. If the 
error still occurs, the page in error cannot be 
used. 


Program error )_ _ After erasing the block in error, execute write 
(block) operation one more time. If the same error still 
occurs, the block in error cannot be used. 
End (block erase, program) 


Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, 
erase all unlock blocks and lock bit program commands is accepted. Execute the 
clear status register command (5016) before executing these commands. 


Figure 1.22.8. Full status check flowchart and remedial procedure for errors 
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Functions To Inhibit Rewriting Flash Memory Version 
To prevent the contents of the flash memory version from being read out or rewritten easily, the device 
incorporates a ROM code protect function for use in parallel I/O mode and an ID code check function for 
use in standard serial I/O mode. 


ROM code protect function 
The ROM code protect function reading out or modifying the contents of the flash memory version by 
using the ROM code protect control address (OFFFFF16) during parallel I/O mode. Figure 1.23.1 shows 
the ROM code protect control address (OFFFFF16). (This address exists in the user ROM area.) 
If one of the pair of ROM code protect bits is set to 0, ROM code protect is turned on, so that the contents 
of the flash memory version are protected against readout and modification. ROM code protect is imple- 
mented in two levels. If level 2 is selected, the flash memory is protected even against readout by a 
shipment inspection LSI tester, etc. When an attempt is made to select both level 1 and level 2, level 2 is 
selected by default. 
If both of the two ROM code protect reset bits are set to “O00,” ROM code protect is turned off, so that the 
contents of the flash memory version can be read out or modified. Once ROM code protect is turned on, 
the contents of the ROM code protect reset bits cannot be modified in parallel |/O mode. Use the serial I/ 
O or some other mode to rewrite the contents of the ROM code protect reset bits. 


ROM code protect control address 


b7 b6 b5 b4 b3 b2 bt b0 Symbol Address When reset 
ROMCP OFFFFF16 FF16 


: [_Bit symbol Bit name 


'..-L| Reserved bit Always set this bit to 1. 


b3 b2 
ROMOP2 [5 ct bit (Note 12). | 00: Protect enabled 
, 01: Protect enabled 
10: Protect enabled 
11: Protect disabled 
b5 b4 
ROMCR ag Gus protect reset | 99: protect removed 
in(NGIeS) 01: Protect set bit effective 
10: Protect set bit effective 
11: Protect set bit effective 
b7 b6 
ROMCP1 fi Baia level 00: Protect enabled 
01: Protect enabled 
10: Protect enabled 
11: Protect disabled 


Note 1: When ROM code protect is turned on, the on-chip flash memory is protected against 
readout or modification in parallel input/output mode. 

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a shipment 
inspection LSI tester, etc. also is inhibited. 

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect level 1 and 
ROM code protect level 2. However, since these bits cannot be changed in parallel input/ 
output mode, they need to be rewritten in serial input/output or some other mode. 


Figure 1.23.1. ROM code protect control address 
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ID Code Check Function 
Use this function in standard serial I/O mode. When the contents of the flash memory are not blank, the ID 
code sent from the peripheral unit is compared with the ID code written in the flash memory to see if they 
match. If the ID codes do not match, the commands sent from the peripheral unit are not accepted. The ID 
code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFDF16, OFFFE316, 
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Write a program which has had the ID code 
preset at these addresses to the flash memory. 


Address : 
OFFFDCi6 to OFFFDF16 | ID1: Undefined instruction vector 


OFFFE016 to OFFFE316 | ID2! Overflow vector 


OFFFE416 to OFFFE716 BRK instruction vector 
OFFFE816 to OFFFEB16 | ID3: Address match vector 


OFFFEC16 to OFFFEFt6 | ID4 Single step vector 


OFFFFO16 to OFFFF316 | ID5: Watchdog timer vector 


OFFFF416 to OFFFF716 ID6! DBC vector 
OFFFF816 to OFFFFBie | ID7: NMI vector 


—~— 
4 bytes 


Figure 1.23.2. ID code store addresses 
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Parallel I/O Mode 
In this mode, the M16C/62 (80-pin flash memory version) operates in a manner similar to the flash memory 
M5M29FB/T800 from Mitsubishi. Since there are some differences with regard to the functions not avail- 
able with the microcomputer and matters related to memory capacity, the M16C/62 (80-pin flash memory 
version) cannot be programed by a programer for the flash memory. 
Use an exclusive programer supporting M16C/62 (80-pin flash memory version) . 
Refer to the instruction manual of each programer maker for the details of use. 


User ROM and Boot ROM Areas 
In parallel l/O mode, the user ROM and boot ROM areas shown in Figure 1.21.1 can be rewritten. Both 
areas of flash memory can be operated on in the same way. 
Program and block erase operations can be performed in the user ROM area. The user ROM area and its 
blocks are shown in Figure 1.21.1. 
The boot ROM area is 8 Kbytes in size. In parallel |/O mode, it is located at addresses OFE00016 through 
OFFFFF16. Make sure program and block erase operations are always performed within this address 
range. (Access to any location outside this address range is prohibited.) 
In the boot ROM area, an erase block operation is applied to only one 8 Kbyte block. The boot ROM area 
has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi factory. 
Therefore, using the device in standard serial input/output mode, you do not need to write to the boot 
ROM area. 
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Pin functions (Flash memory standard serial I/O mode) 


Vcc,Vss 


Power input 


Description 


Apply program/erase protection voltage to Vcc pin and 0 V to Vss pin. 


CNVss (BYTE) 


CNVss 


Connect to Vcc pin. 


RESET 


Reset input 


Reset input pin. While reset is "L" level, a 20 cycle or longer clock 


must be input to XIN pin. 


XIN 


Clock input 


XOUT 


Clock output 


Connect a ceramic resonator or crystal oscillator between XIN and 
XOUT pins. To input an externally generated clock, input it to XIN pin 


and open XOuT pin. 


AVcc, AVsSs 


Analog power supply input 


Connect AVSS to Vss and AVcc to Vcc, respectively. 


VREF 


Reference voltage input 


Enter the reference voltage for AD from this pin. 


POo to P07 


Input port PO 


Input "H" or "L" level signal or open. 


P20 to P27 


Input port P2 


Input "H" or "L" level signal or open. 


P30 to P37 


Input port P3 


Input "H" or "L" level signal or open. 


P40 to P43 


Input port P4 


Input "H" or "L" level signal or open. 


P51 to P54, 
P56, P57 


Input port P5 


EPM input 


Input "H" or "L" level signal or open. 


Input "L" level signal. 


Input port P6 


TxD output 


Input "H" or "L" level signal or open. 


Serial data output pin 


P70, P71, P76, 
P77 


Input port P7 


Input "H" or "L" level signal or open. 


P80 to P84, P86, 
P87 


Input port P8 


Input "H" or "L" level signal or open. 


P85 


NMI input 


Connect this pin to Vcc. 


P90, P92 to P97 


Input port P9 


Input "H" or "L" level signal or open. 


P100 to P107 


Input port P10 


Input "H" or "L" level signal or open. 
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Signal Value 


CNVss Vec 
EPM Vss 
RESET Vss to Voc 
CE Vec 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


P06 
POs 
P04 
POs 
P02 
PO1 
POo 


P107/AN7/KI3 


P106/ANée/KI2 


P105/AN5/KI1 


P104/AN4/KI0 
P103/AN3 
P102/AN2 
P101/AN1 

AVss 
P100/ANo 
VREF 


AVcc 


P97/ADTRG/SIN4 
P96/ANEX1/Sout4 


M16C/62 Group (80-pin version) 2 


O 


la | 
FA 
= 
Loo | 
(S| 


P87/XciIn—t— [| 
P86/XcOuT = [2 


P90/TBOIN/CLK3 > [2 


P93/DA0/TB3iIn “+ 2 
P92/TB2in/SouT3 + 


P9s/ANEXO/CLK4 #3 [= 
P94/DA1/TB4in “LY 


P84/INT2<t— 
P83/INTi << 
P82/INTo<— 
P81/TA4iIN—t— 
P77/TA3IN=t— 


> Pd; 
=. P50 


P51 
—tP P52 
a P53 
HP P54 


P55 
—tP P56 
— P57/CLKout 
—t> P60/CTSo/RTS0 
— P61/CLKo 
—= =P62/RxDo 
—# © P63/TxDo 


—# P64/CTS1/RTS1/CTS0/CLKS1 


—P P65/CLK1 
—# P66/RxD1 


—P P67/TxD1 


—t P70/TxD2/SDA/TAOouT 
S&P P71/RxD2/SCL/TAOIN/TB5IN 
a P76/TASOUT 


oO O 


ae 


Connect 
oscillator 
circuit. 


Figure 1.25.1. Pin connections for serial I/O mode (1) 
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Standard Serial I/O Mode 


The standard serial I/O mode serially inputs and outputs the software commands, addresses and data 
necessary for operating (read, program, erase, etc.) the internal flash memory. It uses a purpose-specific 
peripheral unit. 

The standard serial I/O mode differs from the parallel I/O mode in that the CPU controls operations like 
rewriting (uses the CPU rewrite mode) in the flash memory or serial input for rewriting data. The standard 
serial I/O mode is started by clearing the reset with an “H” level signal at the P50 (CE) pin, an “L” signal at 
the P55 (EPM) pin and an “H’ level at the CNVss pin. (For the normal microprocessor mode, set CNVss to 
“L”.) 

This control program is written in the boot ROM area when shipped from Mitsubishi Electric. Therefore, if 
the boot ROM area is rewritten in the parallel I/O mode, the standard serial I/O mode cannot be used. 
Figures 1.25.1 show the pin connections for the standard serial I/O mode. Serial data I/O uses four UART1 
pins: CLK1, RxD1, TxD1 and RTSi (BUSY). 

The CLK1 pin is the transfer clock input pin and it inputs the external transfer clock. The TxD1 pin outputs 
the CMOS signal. The RTS1 (BUSY) pin outputs an “L” level when reception setup ends and an “H” level 
when the reception operation starts. Transmission and reception data is transferred serially in 8-byte 
blocks. 

In the standard serial I/O mode, only the user ROM area shown in Figure 1.21.1 can be rewritten, the boot 
ROM area cannot. 

The standard serial I/O mode has a 7-byte ID code. When the flash memory is not blank and the ID code 
does not match the content of the flash memory, the command sent from the peripheral unit (programmer) 
is not accepted. 


Function Overview (Standard Serial I/O Mode) 
In the standard serial I/O mode, software commands, addresses and data are input and output between 
the flash memory and an external device (peripheral unit, etc.) using a 4-wire clock synchronized serial |/ 
O (UART1). In reception, the software commands, addresses and program data are synchronized with 
the rise of the transfer clock input to the CLK1 pin and input into the flash memory via the RxD1 pin. 
In transmission, the read data and status are synchronized with the fall of the transfer clock and output to 
the outside from the TxD1 pin. 
The TxD1 pin is CMOS output. Transmission is in 8-bit blocks and LSB first. 
When busy, either during transmission or reception, or while executing an erase operation or program, 
the RTS1 (BUSY) pin is “H” level. Accordingly, do not start the next transmission until the RTS1 (BUSY) 
pin is “L” level. 
Also, data in memory and the status register can be read after inputting a software command. It is pos- 
sible to check flash memory operating status or whether a program or erase operation ended success- 
fully or in error by reading the status register. 
Software commands and the status register are explained here following. 
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Software Commands 


Table 1.25.1 lists software commands. In the standard serial I/O mode, erase operations, programs and 
reading are controlled by transferring software commands via the RxD pin. Software commands are 


explained here below. 


Table 1.25.1. Software commands (Standard serial I/O mode) 


When ID i 
Control command 2nd byte | 3rd byte | 4th byte| 5th byte] 6th byte ; : 
ae = a : not verificate 
|p d Address | Address L L [ Not 
aes FF 16 (middle) (high) acceptable 
Page program 4116 | Address | Address Data input Not 
(middle) (high) input input to 259th | acceptable 
byte 
3] Block Address | Address | DOie6 Not 
ock erase 2016 (middle) (high) acceptable 
DO Not 
4 | Erase all unlocked blocks | A74¢ . seenebie 
A tall 
5 | Read status register 7016 eras si cracls 
. Not 
6 | Clear status register 5016 acceptable 
: Address | Address Not 
7 | Read lockbit status 7116 (middle) (high) acceptable 
8 | Lockbi Address | Address | DOi6 Not 
ockbit program 7716 (middle) (high) acceptable 
Not 
9 | Lockbit enable 7At6 seas 
Not 
10) Lockbit disable 7516 bee 
: Address | Address |Address | ID size To ID7 | Acceptable 
11} ID check function F516 (low) (middle) | (high) 
D | F : Size Size Check- Data To Not 
ie) ew nIpaeuneHOD FAt6 (low) (high) sum input |required acceptable 
number 
of times 
A tall 
Version data output function la 
B f : Address | Address Not 
oot area output function (middle) (high) decapiabie 


Note1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans- 
ferred from the peripheral unit to the flash memory microcomputer. 

Note2: SRD refers to status register data. SRD1 refers to status register 1 data. 

Note3: All commands can be accepted when the flash memory is totally blank. 
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Page Read Command 
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page read command as explained here following. 
(1) Send the “FF16” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and Aié to A23 in the 2nd and 3rd bytes of the transmission respec- 
tively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first in sync with the rise of the clock. 


(M16C reception data) Ai5 A23 


TxD1 
(M16C transmit data) data255 


RTS1 (BUSY) 


Figure 1.25.2. Timing for page read 


Read Status Register Command 
This command reads status information. When the “7016” command code is sent in the 1st byte of the 


transmission, the contents of the status register (SRD) specified in the 2nd byte of the transmission 
and the contents of status register 1 (SRD1) specified in the 3rd byte of the transmission are read. 


<= ah 
RxD1 { 7016 


(M16C reception data) 


SRD \SRD1 
Lc output 


(M16C transmit data) 


RTS1(BUSY) | | 


Figure 1.25.3. Timing for reading the status register 
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Clear Status Register Command 
This command clears the bits (SR3—SR5) which are set when the status register operation ends in 
error. When the “5016” command code is sent in the 1st byte of the transmission, the aforementioned 
bits are cleared. When the clear status register operation ends, the RTS1 (BUSY) signal changes 
from the “H” to the “L” level. 


CLK1 | | 
RxD1 
(M16C reception data) [soe 


TxD1 
(M16C transmit data) 


RTS1(BUSY) 


Figure 1.25.4. Timing for clearing the status register 


Page Program Command 
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a 
time. Execute the page program command as explained here following. 
(1) Send the “4116” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and Ai6 to A23 in the 2nd and 3rd bytes of the transmission respectively. 
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses 
As to A23 is input sequentially from the smallest address first, that page is automatically written. 


When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to 
the “L” level. The result of the page program can be known by reading the status register. For more 
information, see the section on the status register. 

Each block can be write-protected with the lock bit. For more information, see the section on the data 
protection function. Additional writing is not allowed with already programmed pages. 


RxD1 As to ¥ Ai6 to 
(M16C reception data) (4116 JAR PO PAN fata J canes 


TxD1 
(M16C transmit data) 


RTS1(BUSY) 


Figure 1.25.5. Timing for the page program 
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Block Erase Command 
This command erases the data in the specified block. Execute the block erase command as explained 
here following. 
(1) Send the “2016” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec- 
tively. 
(3) Send the verify command code “D016” in the 4th byte of the transmission. With the verify com- 
mand code, the erase operation will start for the specified block in the flash memory. Write the 
highest address of the specified block for addresses A16 to A23. 


When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. After block 
erase ends, the result of the block erase operation can be known by reading the status register. For 
more information, see the section on the status register. 

Each block can be erase-protected with the lock bit. For more information, see the section on the data 
protection function. 


RxD1 As to 
(M16C reception data) A2 pale 


TxD1 
(M16C transmit data) 


Figure 1.25.6. Timing for block erasing 
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Erase All Unlocked Blocks Command 

This command erases the content of all blocks. Execute the erase all unlocked blocks command as 
explained here following. 

(1) Send the “A716” command code in the 1st byte of the transmission. 

(2) Send the verify command code “D016” in the 2nd byte of the transmission. With the verify com- 

mand code, the erase operation will start and continue for all blocks in the flash memory. 

When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of the 
erase operation can be known by reading the status register. Each block can be erase-protected with the 
lock bit. For more information, see the section on the data protection function. 


RxD1 
(M16C reception data) D016 


TxD1 
(M16C transmit data) 


RTS1 (BUSY) al iP we. 


Figure 1.25.7. Timing for erasing all unlocked blocks 


Lock Bit Program Command 
This command writes “O” (lock) for the lock bit of the specified block. Execute the lock bit program 
command as explained here following. 
(1) Send the “7716” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and A1é6 to A23 in the 2nd and 3rd bytes of the transmission respectively. 
(3) Send the verify command code “D016” in the 4th byte of the transmission. With the verify com- 
mand code, “0” is written for the lock bit of the specified block. Write the highest address of the 
specified block for addresses As to A23. 
When writing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. Lock bit status can 
be read with the read lock bit status command. For information on the lock bit function, reset proce- 
dure and so on, see the section on the data protection function. 


CLK1 | | | | | | 
RxD1 As to \ Até to 
(M16C reception data) See A23 poe 


TxD1 
(M16C transmit data) 


RTS1 (BUSY) | i Za rd 


Figure 1.25.8. Timing for the lock bit program 
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Read Lock Bit Status Command 
This command reads the lock bit status of the specified block. Execute the read lock bit status com- 
mand as explained here following. 
(1) Send the “7116” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and A16é to A23 in the 2nd and 3rd bytes of the transmission respec- 
tively. 
(3) The lock bit data of the specified block is output in the 4th byte of the transmission. Write the 
highest address of the specified block for addresses As to A23. 


ot 
(M16C reception data) A15_|\_A23 


TxD1 DQG 
(M16C transmit data) nee 


Figure 1.25.9. Timing for reading lock bit status 


Lock Bit Enable Command 
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com- 
mand. The command code “7A16” is sent in the 1st byte of the serial transmission. This command only 
enables the lock bit function; it does not set the lock bit itself. 


CLK1 
RxD1 | 
(M16C reception data) [a6 


_TxD1 
(M16C transmit data) 


RTS1(BUSY) 


Figure 1.25.10. Timing for enabling the lock bit 


MITSUBISHI 
218 oe ELECTRIC 


Mitsubishi microcomputers 


M16C / 62 Group (80-pin) 
Appendix Standard Serial I/O Mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Lock Bit Disable Command 
This command disables the lock bit. The command code “7516” is sent in the 1st byte of the serial 
transmission. This command only disables the lock bit function; it does not set the lock bit itself. 
However, if an erase command is executed after executing the lock bit disable command, “0” (locked) 


lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is 
cancelled, the lock bit is enabled. 


CLK1 
RxD1 
(M16C reception data) (6 


TxD1 
(M16C transmit data) 


RTS1 (BUSY) Td 


Figure 1.25.11. Timing for disabling the lock bit 


Download Command 


This command downloads a program to the RAM for execution. Execute the download command as 
explained here following. 


(1) Send the “FA16” command code in the 1st byte of the transmission. 
(2) Send the program size in the 2nd and 3rd bytes of the transmission. 


(3) Send the check sum in the 4th byte of the transmission. The check sum is added to all data sent 
in the 5th byte onward. 


(4) The program to execute is sent in the 5th byte onward. 


When all data has been transmitted, if the check sum matches, the downloaded program is executed. 
The size of the program will vary according to the internal RAM. 


Data size (low) 


RxD1 Check fogram ¥ Frogram 
(wtec recopiondata) §— Kam” fit” 


TxD1 


Data size (high 
(M16C transmit data) ata size (high) 


RTS1(BUSY) 


Figure 1.25.12. Timing for download 
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Version Information Output Command 
This command outputs the version information of the control program stored in the boot area. Execute 
the version information output command as explained here following. 
(1) Send the “FB16” command code in the 1st byte of the transmission. 
(2) The version information will be output from the 2nd byte onward. This data is composed of 8 


ASCII code characters. 


RxD1 
(M16C reception data) 


(M16C ‘ane clats E2eE2e7iREs 


RTS1(BUSY) 


Figure 1.25.13. Timing for version information output 


Boot Area Output Command 
This command outputs the control program stored in the boot area in one page blocks (256 bytes). 
Execute the boot area output command as explained here following. 
(1) Send the “FC16” command code in the 1st byte of the transmission. 
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec- 
tively. 
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to 
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock. 


(M16C reception data) At5 A23 


TxD1 
(M16C transmit data) data255 


RTS1(BUSY) 


Figure 1.25.14. Timing for boot area output 
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ID Check 
This command checks the ID code. Execute the boot ID check command as explained here following. 
(1) Send the “F516” command code in the 1st byte of the transmission. 
(2) Send addresses Ao to A7, As to Ai5 and A16 to A23 of the 1st byte of the ID code in the 2nd, 3rd 
and 4th bytes of the transmission respectively. 
(3) Send the number of data sets of the ID code in the 5th byte. 
(4) The ID code is sent in the 6th byte onward, starting with the 1st byte of the code. 


(wiec reception (F518 f_OFte f Fris f oFte J iDsize} 101 | 
data) 


TxD1 
(M16C transmit 
data) 


RTS1(BUSY) 


Figure 1.25.15. Timing for the ID check 


ID Code 
When the flash memory is not blank, the ID code sent from the peripheral unit and the ID code written 
in the flash memory are compared to see if they match. If the codes do not match, the command sent 
from the peripheral unit is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte, 
addresses OFFFDF 16, OFFFE316, OFFFEB16, OFFFEF 16, OFFFF316, OFFFF716 and OFFFFB16. Write 
a program into the flash memory, which already has the ID code set for these addresses. 


Address 
OFFFDC16 to OFFFDF16 
OFFFEO16 to OFFFES16 | ID2! Overflow vector 
OFFFE416 to OFFFE716 
OFFFE8i6 to OFFFEBie | ID3: Address match vector 
OFFFEC16 to OFFFEF16 


OFFFFO16 to OFFFF316 | ID5: Watchdog timer vector 
OFFFF416 to OFFFF716 | ID6! DBC vector 


OFFFF816 to OFFFFBi6 | ID7: NMI vector 


OFFFFC16 to OFFFFF16 


Reset vector 


———— 


Figure 1.25.16. ID code storage addresses 
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Data Protection (Block Lock) 
Each of the blocks in Figure 1.25.17 have a nonvolatile lock bit that specifies protection (block lock) 
against erasing/writing. A block is locked (writing “O” for the lock bit) with the lock bit program command. 
Also, the lock bit of any block can be read with the read lock bit status command. 
Block lock disable/enable is determined by the status of the lock bit itself and execution status of the lock 
bit disable and lock enable bit commands. 

(1) After the reset has been cancelled and the lock bit enable command executed, the specified block 
can be locked/unlocked using the lock bit (lock bit data). Blocks with a “0” lock bit data are locked 
and cannot be erased or written in. On the other hand, blocks with a “1” lock bit data are unlocked 
and can be erased or written in. 

(2) After the lock bit enable command has been executed, all blocks are unlocked regardless of lock bit 
data status and can be erased or written in. In this case, lock bit data that was “0” before the block 
was erased is set to “1” (unlocked) after erasing, therefore the block is actually unlocked with the 
lock bit. 


0C000016 
Block 6 : 64K byte 


0D000016 
Block 5 : 64K byte 


0E000016 
Block 4 : 64K byte 


OF000016 
Flash memory | Flash memory Block 3 : 32K byte 


size start address 
256K byte | 0C000016 GESODE IE mieck De ekoye 
OFA00016 
OFC00016 
OFFFFFi6 


Block 1 : 8K byte 
Block 0 : 16K byte 


User ROM area 


Figure 1.25.17. Blocks in the user area 
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Status Register (SRD) 
The status register indicates operating status of the flash memory and status such as whether an erase 
operation or a program ended successfully or in error. It can be read by writing the read status register 
command (7016). Also, the status register is cleared by writing the clear status register command (5016). 
Table 1.25.2 gives the definition of each status register bit. After clearing the reset, the status register 
outputs “8016”. 


Table 1.25.2. Status register (SRD) 


Definition 


SRDO bits Status name 


Write state machine (WSM) status Ready Busy 


Reserved : - 


Erase status Terminated in error |Terminated normally 


Program status Terminated in error |Terminated normally 


Block status after program Terminated in error |Terminated normally 


Reserved 


Reserved 


Reserved 


Write State Machine (WSM) Status (SR7) 
The write state machine (WSM) status indicates the operating status of the flash memory. When 
power is turned on, “1” (ready) is set for it. The bit is set to “O” (busy) during an auto write or auto erase 
operation, but it is set back to “1” when the operation ends. 


Erase Status (SR5) 
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is 
set to “1”. When the erase status is cleared, it is set to “O”. 


Program Status (SR4) 
The program status reports the operating status of the auto write operation. If a write error occurs, it is 
set to “1”. When the program status is cleared, it is set to “0”. 
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Program Status After Program (SR3) 

If excessive data is written (phenomenon whereby the memory cell becomes depressed which results 
in data not being read correctly), “1” is set for the program status after-program at the end of the page 
write operation. In other words, when writing ends successfully, “8016” is output; when writing fails, 
“9016” is output; and when excessive data is written, “8816” is output. 

If “1” is written for any of the SR5, SR4 or SR3 bits, the page program, block erase, erase all unlocked 
blocks and lock bit program commands are not accepted. Before executing these commands, execute 
the clear status register command (5016) and clear the status register. 
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Status Register 1 (SRD1) 
Status register 1 indicates the status of serial communications, results from ID checks and results from 
check sum comparisons. It can be read after the SRD by writing the read status register command (7016). 
Also, status register 1 is cleared by writing the clear status register command (5016). 
Table 1.25.3 gives the definition of each status register 1 bit. “0016” is output when power is turned ON 
and the flag status is maintained even after the reset. 


Table 1.25.3. Status register 1 (SRD1) 


Definition 


SRD1 bits Status name "0" 


Boot update completed bit | Update completed Not update 
Reserved 


Reserved 


Checksum match bit Mismatch 


ID check completed bits Not verified 
Verification mismatch 
Reserved 

Verified 


SR9Q (bit1) Data receive time out Time out Normal operation 
SR8 (bit0) Reserved : : 


Boot Update Completed Bit (SR15) 
This flag indicates whether the control program was downloaded to the RAM or not, using the down- 
load function. 


Check Sum Consistency Bit (SR12) 
This flag indicates whether the check sum matches or not when a program, is downloaded for execu- 
tion using the download function. 


ID Check Completed Bits (SR11 and SR10) 
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID 
check. 


Data Reception Time Out (SR9Q) 
This flag indicates when a time out error is generated during data reception. If this flag is attached 
during data reception, the received data is discarded and the microcomputer returns to the command 
wait state. 
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Full Status Check 
Results from executed erase and program operations can be known by running a full status check. Figure 


1.25.18 shows a flowchart of the full status check and explains how to remedy errors which occur. 


Read status register 


SR4=1 and SR5 Command _ . _ Execute the clear status register command (5016) 
sequence error to clear the status register. Try performing the 
operation one more time after confirming that the 
command is entered correctly. 


Block erase error |. . . Should a block erase error occur, the block in error 
cannot be used. 


Program error (page|. . . Execute the read lock bit status command (7116) 
or lock bit) to see if the block is locked. After removing lock, 
execute write operation in the same way. If the 


error still occurs, the page in error cannot be 
used. 


Program error )_ . _After erasing the block in error, execute write 
(block) operation one more time. If the same error still 
occurs, the block in error cannot be used. 


End (block erase, program) 


Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, 
erase all unlock blocks and lock bit program commands is accepted. Execute the 
clear status register command (5016) before executing these commands. 


Figure 1.25.18. Full status check flowchart and remedial procedure for errors 
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Example Circuit Application for The Standard Serial I/O Mode 
The below figure shows a circuit application for the standard serial I/O mode. Control pins will vary ac- 


cording to peripheral unit (programmer), therefore see the peripheral unit (programmer) manual for more 
information. 


Clock input CLK1 


BUSY output RTS1(BUSY) 


Data input RxD1 
Data output TxD1 


M16C/62 (80-pin) 
flash memory 
version 

CNVss 


(1) Control pins and external circuitry will vary according to peripheral unit (programmer). For 
more information, see the peripheral unit (programmer) manual. 

(2) In this example, the microprocessor mode and standard serial I/O mode are switched via a 
switch. 


Figure 1.25.19. Example circuit application for the standard serial I/O mode 
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Revision History 


Version Revision 
Contents for change 
date 


Page 35, Figure 1.9.6 00.07.03 
Note: Writing a value to an address after “1” is written to this bit returns the bit to 
“0” . Other bits do not automatically return to “O” and they must therefore 
be reset by the program. 


Page 123, Figure 1.14.32, bit 5 of the SI/Oi control register (i=3, 4) 
Transfer direction lect bit --->Transfer direction select bit 


Page 123, Figure 1.14.32, Note 2 
When using the port as an input/output port by setting the SI/Oi port select bit (i = 
3, 4) to “1”, be sure to set the sync clock select bit to “1”. 
S> 
When using the port as an input/output port by setting the SI/Oi port select bit (i = 
3, 4) to “0”, be sure to set the sync clock select bit to “1”. 


Revision history M16C/62 Group (80-pin) data sheet 
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Keep safety first in your circuit designs! 


@ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor 
products better and more reliable, but there is always the possibility that trouble may 
occur with them. Trouble with semiconductors may lead to personal injury, fire or 
property damage. Remember to give due consideration to safety when making your 
circuit designs, with appropriate measures such as (i) placement of substitutive, 
auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any 

malfunction or mishap. 


Notes regarding these materials 


These materials are intended as a reference to assist our customers in the selection 
of the Mitsubishi semiconductor product best suited to the customer's application; 
they do not convey any license under any intellectual property rights, or any other 
rights, belonging to Mitsubishi Electric Corporation or a third party. 

Mitsubishi Electric Corporation assumes no responsibility for any damage, or 
infringement of any third-party's rights, originating in the use of any product data, 
diagrams, charts, programs, algorithms, or circuit application examples contained in 
these materials. 

All information contained in these materials, including product data, diagrams, charts, 
programs and algorithms represents information on products at the time of publication 
of these materials, and are subject to change by Mitsubishi Electric Corporation 
without notice due to product improvements or other reasons. It is therefore 
recommended that customers contact Mitsubishi Electric Corporation or an authorized 
Mitsubishi Semiconductor product distributor for the latest product information before 
purchasing a product listed herein. 

The information described here may contain technical inaccuracies or typographical 
errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, 
liability, or other loss rising from these inaccuracies or errors. 

Please also pay attention to information published by Mitsubishi Electric Corporation 
by various means, including the Mitsubishi Semiconductor home page (http:// 
www.mitsubishichips.com). 

When using any or all of the information contained in these materials, including 
product data, diagrams, charts, programs, and algorithms, please be sure to evaluate 
all information as a total system before making a final decision on the applicability of 
the information and products. Mitsubishi Electric Corporation assumes no 
responsibility for any damage, liability or other loss resulting from the information 
contained herein. 

Mitsubishi Electric Corporation semiconductors are not designed or manufactured 
for use in a device or system that is used under circumstances in which human life is 
potentially at stake. Please contact Mitsubishi Electric Corporation or an authorized 
Mitsubishi Semiconductor product distributor when considering the use of a product 
contained herein for any specific purposes, such as apparatus or systems for 
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use. 
The prior written approval of Mitsubishi Electric Corporation is necessary to reprint 
or reproduce in whole or in part these materials. 

If these products or technologies are subject to the Japanese export control 
restrictions, they must be exported under a license from the Japanese government 
and cannot be imported into a country other than the approved destination. 

Any diversion or reexport contrary to the export control laws and regulations of Japan 
and/or the country of destination is prohibited. 

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon 
ductor product distributor for further details on these materials or the products con 
tained therein. 
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